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(54) METHOD FOR SYNTHESIZING DMA 



(57) A DNA eynthasls reaction-enhancer compris- 
ing at least one kind selected from the group consisting 
of addle substances and cattonlc complexes; a DNA 
synthesis method In which during a DNA synthesis 
reaction a reaction Is canted out In the presence of the 
above enhancer by using DNA polymerase; a DNA syn- 
thesis reaction composition comprising the above 
enhancer; a DNA synthesis reaction composition com- 
prising two or mote kinds of DNA polymerases each 
having 3* -+ 5' exonudease activity; a DNA synthesis 
method In which during a DNA synthesis reaction two or 
more kinds of DNA polymerases each having 3' -+ 5' 
exonudease activity are used; a kt for use In in vtov 
DNA synthesis, comprising two or more kinds of DNA 
polymerases each having 3' 5* exonudease activity; 
and a kit for use In fn vitro DNA synthesis, wherein the 
t- kit comprises the DNA synthesis reaction-enhancer and 
<t DNA polymerase. Aocorcflng to the present Invention, 
CO DNA synthesis can be carried out at an efficiency more 
excellent as compared to conventional DNA synthesis 
reaction. 
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Description 
TECHNICAL FIEIQ 

5 The present Invention relates to a DMA synthesis reaction-enhancer, a DMA synthesis method, a DNA syn- 

thesis reaction composition and a kit usable tor the DNA synthesis method, which ere useful in the field of genetic engi- 
neering. 

BACKGROUND ART 

ro 

[COOS] The DNA synthesis Is employed for various purposes In the research of the field of genetic engineering. 
Almost aft of them, except for synthesis of short chain DNA such as oligonucleotides, are carried out by the enzymatic 
method utilizing DNA polymerase. Accordingly, the DNA polymerase Is highly valuable for reagents for DNA sequenc- 
ing, DNA labeling, or site-directed mutagenesis. In addition, recently, thermostable DNA polymerases have been 

15 remarked with the developments of the polymerase chain reaction (PGR) method end the reverse transcription- PGR 
(RT-PCR) In which the PGR method and the reverse transcriptase reaction are combined* Therefore, various kinds of 
DNA polymerases suitable for PGR method mentioned above have been developed, and commercialized, 
[CC03] The presently known DNA polymerases can be roughly classified by amino acid sequence homology Into 
tou r families, among which Family A (peri I type enzymes) and Family B (a-type enzymes) account for the great majority. 

so Although the DNA potymsrases belonging to the respective families possess generally similar biochemical properties, 
detailed comparison reveals that depending upon Individual enzymes, each of the DNA polymerases has different prop- 
erties for substrate specificity; substrate analog-Incorporating efficiency; degree and rate for primer extension; mode of 
DNA synthesis; presence or absence of eronudeass activity; optimum reaction conditions euch es temperature and 
pH, and sensitivity against inhibitors. Therefore, the enzyme best suited for the application has so for been selected 

25 from the available DNA polymerases. 

[0004] For example, Pyrococcus (uriosus, e hypertherm ophite archaebactertum, produces DNA polymerase 
belonging to a-type, and the gene thereof hes been Isolated [Nucleic Adds Research 21, 259-265 (1993)]. Recently, 
novel DNA polymerase showing no structural similarity to any known DNA polymerase was found In the above bacterial 
stain, in this DNA polymerase, two novel protelne form a complex, whereby exhibiting DNA polymerase activity. In addl- 

30 tton, the novel DNA polymerase exhibits potent 3'-»5' exonudeass activity end excellent primer extension activity. For 
example, when the enzyme Is used for PCR, e DNA fragment of e eke of about 20 kb can be amplified. 
[0005] On the other hand. In DNA synthesis reaction using DNA polymerase, It Is Important to set appropriate reac- 
tion conditions, as well as to select an appropriate enzyme. Major conditions for reaction Include reaction mixture com- 
position, pH, reaction temperature, and template and prfrner concentration. In addition, these reaction conditions must 

95 be set In accordance with the enzyme used and the purpose. However, such settings may be difficult to make in some 
cases. 

[0030] In addition, there has been known that efficient DNA synthesis can be carried out by using e combination of 
plural DNA polymerases, wherein the efficient DNA synthesis could not be achieved by single DNA polymerase [Pmc. 
Natl Acad ScL USA 91 , 5695-5669 (1994)]. The method to a method using In PCR a mixture of DNA polymerase hav- 

40 fng 3'-+5' exonudease activity (for example, the above Pyrococcus furfosus -derived a-type DNA polymerase) and DNA 
polymerase not having such an activity (for example, Thermus aquaticus-derived DNA polymerase (Taq DNA polymer- 
ase), and is known as LA-PCR method. According to this method, there are exhibited euch effects that the yield of 
amplified DNA Is Increased, as compared with that of conventional PCR using only one kind of DNA polymerase, and 
that long chain length of DNA which could not be amplified by conventional PCR can be amplified. However, such 

45 effects are only exhibited when an enzyme having exonudease activity Is used In combination with an enzyme 
having no such activity. 

[CC07] As described above, the DNA synthesis reaction using DNA polymerase Is Indispensable as a genetic engi- 
neering procedure. Moreover, H Is important to Increase their efficiency for research or tha nke. However, a presently 
available reaction system has a defect In that It Is not suffldently optimized to be utilized for research or the like. For this 
so reason, there has been a demand for a method enabling more efficient DNA synthesis es compared to that of the con- 
ventional DNA synthesis reactions. 

DISCLOSURE QF INVENTION 

55 [0008] The present Invention has been accomplished in view of the prior art described above, and an object of the 
present Invention Is to provide (1) a DNA synthesis reaction-enhancer; (2) a DNA synthesis method characterized in 
that the reaction Is carried out In the presence of the DNA synthesis reaction-enhancer; (3) a DNA synthesis reaction 
composition comprising the DNA synthesis reaction-enhancer; (4) a DNA synthesis reaction composition comprising 
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two or more klnde of DMA polymerases each having 3" 5' exonuctease activity; (5) a DMA synthesis method charac- 
terized In that during the DNA synthesis reaction two or more kinds of DMA polymerases each having 3' -> 6' exonu- 
dease activity Is used; (6) e kit comprising two or more klnde of DNA polymerases each having 3' -+ 5' exonudaase 
activity, and (7) a Wt comprising the DNA synthesis reaction-enhancer and DNA polymerase, 

5 [0008] As a result of intensive studies, the present Inventors have found that efficiency of the DNA synthesis reac- 
tion by DNA polymerase Is Improved In the coexistence of at least one kind selected from the group consisting of acidic 
substances and cationic complexes. In addition, they hove found that extremely efficient DNA synthesis Is generated 
when two or mora kinds of DNA polymerases each having 3* 5 r exonuclease activity are mixed Further, excellent 
gens amplication reaction system Is constructed by combination of these techniques, thereby completing the present 

10 Invention. 

[0010] Concretely, the gist of the present Invention relates to: 

[1] a DNA synthesis reaction-enhancer comprising at least one kind selected from the group consisting of acidic 
substances and cation 1c complexes; 
is [2] a DNA synthesis method characterized In that during a DNA synthesis reaction a reaction la carried out In the 
presence of the DNA synthesis reactlon-enhencer of hem [1 ] above by using DNA polymerase; 
[3] a DNA synthesis reaction composition comprising the DNA synthesis reaction-enhancer of Item [1] above; 
[4] a DNA synthesis reaction composition comprising two or more kinds of DNA polymerases each having 3' 5 1 
exonudeaee activity; 

20 [5J s DNA synthesis method characterized In that during a DNA synthesis reaction two or more kinds of DNA 
polymerases each having 3' -> 5' exonuclease activity are used; 

[6] a kit for use In in vitro DNA synthesis, comprising two or more kinds of DNA polymerases each having 3' 5 1 
exonudaase activity; and 

[7] a Wt for use in in vtoo DNA synthesis, wherein the kit comprises the DNA synthesis reaction-enhancer of Item 
25 [1] above and DNA polymerase, 

BEST MODE FOR CARRYING OUT THE INVENTION 

(1) DNA Synthesis Reaction- Enhancer of the Present Invention 

30 

(0011] One of the great features of the present Invention resides In that the DNA synthesis reaction-enhancer com- 
prises at least one Wnd selected from the group consisting of acidic substances and cationic complexes. The DNA syn- 
thesis reaction-enhancer of the present Invention can exhibit en action of enhancing DNA synthesis reaction by DNA 
polymerase, owing to contain at least one kind (active Ingredient) selected from the group consisting of acidic eub- 

35 stances and cationic complexes, 

[0012] The term "DNA synthesis reaction-enhancer" of the present Invention refers to the acidic substance or cati- 
onic complex mentioned above alone, or a mixture comprising both the addle substance end cationic complex, each of 
which Is capable of exhibiting an action of enhancing DNA synthesis reaction. In addition, as to the term °DNA synthesis 
reaction-enhance" of the present Invention, when a complex of an acidic substance and a cationic complex Is formed, 

40 such a complex to also encompassed therein, as long as the substance Is capable of exhibiting an action of enhancing 
DNA synthesis reaction by DNA polymerase, 

[0013] Furthermore, mixtures In which various Bddfflves are supplemented within the range so that the mixture can 
exhibit the action of enhancing DNA synthesis reaction by DNA polymerase are also encompassed In the °DNA synthe- 
sis react Ion-enhancer 0 of the present Invention. 

45 [0014] The term "action of enhancing DNA synthesis reaction 0 can be examined by the chain length of new syn- 
thetic DNA chain per unit time or by the amount of amplified product In PGR per unit time. In addition, the action can 
elso be examined by compering en activity where at least one kind selected from the group consisting of acidic sub- 
stances and cationic complexes Is added with an activity where at least one kind selected from the group consisting of 
addle substances and cationic complexes Is not added, when determining DNA polymerase activity, for Instance, when 

so determining an Incorporation of labeled nucleotide Into the new synthetic DNA chain. Such an ° action of enhancing 
DNA synthesis reaction" encompasses an action of improving efficiency for synthesis reaction, 
[0015] it Is thought that the action of the DNA synthesis reaction-enhancer of the present Invention Is In, for exam- 
ple, but are not particularly limited to, that the DNA synthesis reaction-enhancer acts as a DNA polymerase activity- 
enhancer on DNA polymerase, thereby Improving tta catalytic activity; or that nonspecific Interaction of the enzyme on 

53 template DNA Is suppressed by retaining DNA polymerase on a molecule of the active Ingredient of the above DNA 
synthesis reaction-enhancer, to provide the enzyme In the optimum amount for template DNA; and In addition that the 
DNA synthesis reaction-enhancer ads on template DNA so as to keep Its steric structure so that the DNA synthesis 
reaction Is easily progressed, thereby efficiently exhtolting the activity of the DNA polymerase. In addition, it Is thought 



3 



EP1 072 878 A1 



that another embodiment tor the action of the DMA synthesis reaction-enhancer of the present Invention Is In the 
Improvement of the efficiency of annealing tor template DMA and primers. 

[001 8] The addle substances used to the DN A synthesis reaction-enhancer mentioned above are substances hav- 
ing an action of enhancing DMA synthesis reaction as DMA polymerase activity-enhancers, and concretely Include neg- 
5 ativety charged substances or salts thereof, espedaty addle substances or salts thereof. 

[C017J In the DMA synthesis reaction-enhancer of the present Invention, a DNA synthesis reaction can be 
enhanced by optimizing the Interaction between DNA polymerase and template DNA, which Increases with the 
progress of the DNA synthesis reaction, when an addle substance Is used. 

[0816] The ackfic substances having an action of enhendng DNA synthesis reaction Inducts, tor example, but are 
to not particularly Bmfted to, acidic polymer substances such as addle polysaccharides. In addition, there can be used pol- 
yvinyl sulfates, polystyrene sulfates, polygrutamlc adds, potyacryllc adde, DMAs not functioning as templates (I.e., 
DNAs not serving as templates tor synthesis of subject DNA), and the like. In the present specification, the term °ac1dlc 
substance 11 also encompasses salts thereof. The acidic polysaccharides Indude, tor example, sulfate group-containing 
sulfated polysaccharides, representatively exemplified by sulfate ctfucose-contalnhg polysaccharides, dextran sulfate, 
is carrageenan, heparin, heparan sulfate, rhamnem sulfate, chondroWn sulfate, dermatan sulfate, and the like, and poly- 
u rente adds such as hyaluronic add, aJglnte add and pectin. In addition, as the suHbted-fucose-contalnlng polysaccha- 
rides, there can be used, tor example, sulfeted-fucose-contalnlng polysaccharide- F or sulfated^fucose -containing 
polys acchsride-U. The term "sutfated-fucose-contalnlng polyBaccharide-F* as used herein refers to a sutfated-fucose- 
containing polysaccharide substantially contains no uronlc add, obtainable from brown eJgae or the like by the method, 
3> tor Instance, described In WO 97/26896 or WO 97/47206. In addition, the term D sulfated-fucose-coritalnlng polysaccha- 
ride- IT refers to a sulfate d-fucose-corrtalrring polysaccharide containing uronlc add, obtainable by the methods 
described In the above publications. 

[0019] The salts of the addle substances described above are not particularly limited, as long as they have an 
action of enhendng DNA synthesis reaction, with preference given to water-soluble salts. For example, there are 

25 Included alkali metal salts such as sodium dextran sulfate, sodium alginate, sodium polyglutamatee, sodium polysty- 
rene sulfates, heparin sodium, potassium polyvinyl sulfates, potassium dextren sulfate and heparin lithium. 
[0020] The addle substances mentioned above may be those Isolated and purffied from naturally occurring sub- 
stances or chemically or enzymatbally synthesized products, es long as they maintain an action of enhandng DNA syn- 
thesis reaction. In addition, the acidic substances dascribsd above mey be unpurtflad or partially purified products 

so containing the addle substances. Furthermore, the addle substances described above may bs appropriately modified, 
as long as the action of enhandng DNA synthesis reaction Is maintained. In addition, the addle substances described 
above may be substances obtained by degradation procedures so as to have appropriate molecular weights, or those 
obtained by carrying out molecular weight fractionation after such degradation procedures, as long as these sub- 
stances have an action of enhandng DNA synthesis reaction. In the present Invention, acidic substances having a 

as molecular weight of several thousands or more can be preferably used, furthermore, these substances may be used 
singly or In admixture of two or more kinds. 

[0021] The catlonlc complexes used for the DNA synthesis reaction-enhancer of the present invention may be any 
substances, as long as they have an action of enhancing DNA synthesis reaction of DNA polymerase, and concretely 
Indude positively charged complexes or salts thereof especially complex cations or complex salts thereof. 

40 [04122] In the DNA synthesis reaction-enhancer of the present Invention, when a catlonlc complex Is used, the effi- 
ciency for annealing between template DNA and primers can be Increased, and as a result, ths DNA synthesis reaction 
can be enhenced in addition, desired amplified fragments can be obtained even under conditions that have been diffi- 
cult In DNA amplification, even under conditions of, tor example, low magnesium concentrations, low primer concentra- 
tions, low enzyme amounts, amplification of GC-rich regions, and the like. Furthermore, when the above catlonlc 

45 complex Is used, amplification can be enhanced even in PGR for long-chain DNA. 

[0023] In addition, the DNA synthesis reaction can be further enhanced by combining the ackJJc substances and 
cationlc complexes mentioned above. 

[0024] The cationlc complexes having an action of enhancing DNA synthesis reaction are not particularly limited, 
and there can be used, tor Instance, transition metal complexes. In the present specification, the term 'cationlc corn- 
so plex" also encompasses salts thereof. 

[0025] The transition metal complex mey be any complex capable of exh totting an action of enhandng DNA synthe- 
sis reaction, and complexes having es the central atom a transltio n element In Group VI II of the Periodic Tab Is (Kagaku 
jlten, 1st edition, Tokyo Kagaku DoJIn) are preferred. The above Group Vlil transition element Indudes, but not partic- 
ularly limited, as long es It forms a complex capable of exhibiting an action of enhendng DNA synthesis reaction, for 
55 instance, cobalt (Co), rhodium (Rh), Iridium (lr) and the like. In addition, the Uganda In the complex Indude, but not par- 
ticularly limited to, monodentate Uganda, bidentate Agenda, trldentate llgands, and tetradentate Rgande, For example, 
neutral llgands such as HgO, NH 3 , CO t NO and pyridine, and chelate flgands such as H^0H 7 CH 2 UH 2 may be exem- 
plified. In addition, the complex may contain ae a igand an anionic llgand, for Instance, CI", OH', NO^ , CN", COs 2 ". or 
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the lika, as long as It is a cationfe complex capable of being present as a complex cation In the reaction mixture. The 
tin da of Uganda In the above complex may be one kind or a plural kinds. Furthermore, as to cationlc complexes, there 
exist geometric Isomers, optical isomers and linkage isomers, and any cationlc complexes are Included In the DMA syn- 
thesis reaction -enhancer of the present Invention, as long as they have an acton of enhancing DNA synthesis reaction. 

5 [0036] Concrete examples of the transition metal complex Include, for Instance, [CofNHafeJCla, 
[CofHaNCHaCHaNH^Cb. [CotNHjfetHaOJpia [CotHaOHNHa^SO^, [CotOHKNHgfclClz, 

[RhfHaNCHaCHaNHa^b* [RhtNHsfeJBr^ [RhfNH^HaO^CIa, [RhCyNHg)^ [IrtNH^Oa, [IrCKNHa^Clz, 
[IrtH^rOCH^CHaNHs)^!^ and the like. Among the above-mentioned transition metal complexes, especially one or more 
kinds selected from the group consisting of [CofNH^Cb. [CofHaNCH^HaNhyjCIa and [R^HgNCHgGHaN^yctj 

10 are preferable. 

[0027] The sals of the cationlc complexes described above are not particularly Limited, as long as they have an 
action of enhancing DNA synthesis reaction, with preference given to water-soluble salts. For example, there ere 
included salts of haJogenldes such as chlorides; salts of Inorganic adds such as eu [fates; and satts of organic adds 
such as acetates. In other words, even salts of the addle substance and cationlc complex of the DNA synthesis reac- 
ts tJon-enhancer of the present Invention can be preferably used, as long as they Ionize In the reaction mixture. 

[0028] The cationlc complex mentioned above may, for example, be any substance, as long as It maintains an 
action of enhancing DNA synthesis reaction. In addition, the cationlc complex described above may be an unpurffled or 
partially purified product containing the complex. Furthermore, the cationlc complex may be appropriately modified 
within a range in which an action of enhancing DNA synthesis reaction is maintained. Furthermore, these substances 
so can be used singly or In admixture. 

[COOT] The DNA polymerase used for DNA synthesis reaction which la enhanced by the DNA synthesis reaction- 
enhancar of the present Invention is not particularly limited, and Includes, for instance, pol I -type DNA polymerases [E. 
cott DNA potymerase I, Ktenow fragment, Themrus a^uatfcus-dertved DNA polymerase (Taq DNA polymerase), and 
the like), a-type DNA polymerases [the above-mentioned a-type Pyococcus ft/rtasus-dertued DNA polymerase, Ther- 
25 meooeous tfra/fe-ctertved DNA polymerase (VENT DNA polymerase), Pyrocoocus sp. -derived DNA polymerase 
(Pyrobeat DNA potymerase, KOD DNA polymerase), Pyrocoocus sp. -derived DNA polymerase QB-D (DEEP VENT 
DNA polymerase), and the Iflce], and non-o, non-poll type DNA polymerases not belonging to any of these polymerases. 
Incidentally; each of the poll type DNA polymerases and a-type DNA polymerases refers to a group of enzymes classi- 
fied lay the homology on the amino add sequences thereof; and the feature on the amino add sequences is described 
30 In Nudetc Adds Research 1 6, 4046-4057 (1 991 ). 

[0030] In addition, the non-a, non-pol I type DNA polymerases Include, for example, DNA polymerase derived from 
Pyrocoocus furiosus described In WO 97/24444. In the present specification, for the sake of distinguishing between the 
above non-ot, non-pol I type DNA polymerase derived from above-mentioned Pyrocoocus turiosus and the a-type DNA 
polymerase, which Is similarly produced by Pyrocoocus furiosus, the non-a, non-pol I type DNA polymerase Is referred 
35 to as Phi DNA Polymerase II. In addition, the a-type DNA polymerase derived from the above-mentioned Pyrvcoccus 
furiosus b referred to as PI u DNA Polymerase 1. 

[0031] Pfu DNA Polymerase II Is an enzyme having the properties shown below. 
Properties of Pfu DNA Polymerase II: 

40 

1 ) Exhibiting higher activity when polymerase activity le determined for a case of using as the substrate a com- 
plex formed by annealing primers to single-stranded template DNA than that of a case of using activated DNA 
as the substrate; 

2) Having 3'-»5' exonudease activity: 

45 3) Capable of amplifying DNA fragments of about 20 kilo base pairs without addttton of another enzyme when 

polymerase chain reaction (PGR) Is carried out with XDNA es a template under the following conditions: 

Conditions for PCR: 

so (a) Composition for Reaction Mixture: Comprising 10 mM Irls-hydrochloric acid (pH 9.2), 3.5 mM magnesium 

chloride, 75 mM potassium chloride, 0.4 mM each of dATP, dCTP, dGTP and dTTP, 0.01% bovine serum albu- 
min. 0.1% Trfton X-100, 5.0 ng«0 pi of ADNA, and 10 pmole/50 pJ of primer XA (SEQ ID NO: 1 1n Sequence 
Listing) and primer XB (SEQ ID NO: 2 In Sequence Listing), and 3,7 U/50 pl of DNA polymerase; 
(b) Reaction Conditions: PCR Is carried out In 30 cycles, wherein one cycle of reaction comprises a process 

55 consisting of 98°C 1 0 seconds - BB°C 1 10 minute. 

4) Constituted by two kinds of DNA potymerase-constttuting proteins corresponding to about 90,000 Daltons 
and about 140,000 Daltons on SOS-PAGE. 
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[0032] In addition, the gene encoding the above Ptu DMA Polymerase II has been already cloned, and Escherichia 
ooH JM109 transformed with ptasmld pFU1001 carrying the gene Is named and Identified as Escherichia coil 
JMIOftfcFUIOOl, and deposited under the accession number of FERM BP-5579 with the National Institute of Bio- 
science and Human-Technology, Agency of Industrial Science and Technology, Ministry of International TVade and 
5 Industry, of which the address is 1-3, Hlgashl 1-chome, Teukuba-shl, IbaraW-teen (ZJpcode 306-8566), Japan, since 
August 11, 1995 (caUe of original deposit). Therefore, the transform ant Is cultured, and Pfu DMA polymerase II men- 
tioned above can be obtained from the resulting culture by, for example, the method described In W097/24444 (pages 
28-29, Example 3). 

[0033] In DNA synthesis reactions using various kinds of DMA polymerases described above, the efficiency of DNA 

10 synthesis of the DNA polymerases is surprisingly Increased by adding the DNA synthesis reaction-enhancer of the 
present Invention to the reaction mixture, In this case, DNA synthesis efficiency Increases similarly when using two or 
more kinds of DNA polymerases, for Instance, two or more kinds of DNA polymerases each having 3'-+5' exonudease 
activity (for Instance, a-type DNA polymerase and non-a, non-pot I type DNA polymerase), or one DNA polymerase 
having 3'-+5* exonudease activity and the other DNA polymerase having no 3'-+5' exonuclease activity. 

15 [0034] For example, the amount of amplified product increases, when PCR is carried out by using a reaction mix- 
ture supplemented wtth the DNA synthesis reaction-enhancer of the present Invention, In comparison to one obtained 
by canylng out PCR without this addition. For example, an amplified product can be obtained by the addition of the DNA 
synthesis reaction-enhancer of the present Invention, even under conditions that have conventionally been difficult In 
amplification. In addition, the amount of amplified product can be quantified by, tor example, subjecting a given amount 

20 of the reaction mixture after PCR to electrophoresis, staining the gel after electrophoresis wtth ethkflum bromide or the 
like, and determining the fluorescence Intensity of the band ascribed to the amplified product by means of an Imaging 
analyzer or the like. When the amount of amplified product is quantified as descrtoed above and comparison is made 
between one In which PCR Is carried out by using e reaction mixture added wtth the DNA synthesis reaction-enhancer 
of the present Invention and one In which PCR is carried out Without such addition, the amount of amplified product 

ss shows an Increase by about 2 to 6 folds, though the level of Increase depends on length or a product to be amplified, 
QC content, and the like, in comparison with those. In addition, efficient DNA amplification is also possible from a small 
amount of template DNA. 

[0035] Furthermore, in PCR using the DNA synthesis reaction-enhancer of the present Invention, the reaction time 
period required for obtaining the same amount of amplified product is shorter as compared to that of conventional PCR. 
so [0036] Generally In PCR, DNA amplification is carried out by three steps of dissociation (denatuiation) of doubte 
stranded template DNA to single stranded one; annealing of a primer to single stranded template DNA, a complemen- 
tary strand synthesis (extension) from the primer. In addition, DNA amplification Is also carried out In a so-called "shuttle 
PCR° TPCR Hou SaJzensen (PCR Method Frontier) t ° 'Proteins, Nucleic Adds and Enzymes 1 an extra number 41 , No. 
5, 425-428 (1996)], which Is a two-step reaction, In which among the three-step reactions described above, the anneal- 
as ing step and the extension reaction step of the primer are carried out at the same temperature. The DNA synthesis 
reaction-enhancer of the present Invention can particularly shorten the time period required for the above extension 
step, the time period required for an entire synthesis reaction can be shortened, In either of the above-mentioned three- 
step reaction and two-step reaction. 

[0037] Hera, the reaction time required for obtaining the same amount of amplified product by conventional PCR 

40 can be evaluated by, for example, using as a standard the amount of amplified product when PCR Is carried out by using 
a reaction mixture supplemented with the DNA synthesis reaction-enhancer of the present Invention, tn other words, 
the reaction time period can be determined by sampling a reaction mixture for each cycle of PCR, wherein the PCR is 
carried out without the addition of the above enhancer, quantifying the amount of amplified product ss described above; 
determining the number of cycles until reaching the same amount as the amplified amount obtained In the presence of 

45 the DNA synthesis reaction-enhancer of the present Invention; and calculating the reaction time period from the number 
of cycles and the time period needed per one cycle. In addition, the time period needed per one cycle of PCR using ths 
DNA synthesis reaction-enhancer of the present Invention can be set to be shorter than the time period needed per one 
cycle of ordinary PCR. The time period needed per one cycle, In the case of 3-step reactions, for example, can be 
obtained as the sum of the retention time periods for each step of denatu ration, primer annealing, and primer extension, 

so and the time period for reaching each set temperatures from denatu ration to primer annealing, from primer annealing 
to primer extension, and from primer extension to denaturatlon In the next cycle. In 2 -step reactions, the time period 
needed per one cycle can be obtained as the sum of the retention times for each step and the transition time period 
between steps. When comparison Is made between the total time period needed for the PCR to be carried out using a 
reaction mixture supplemented with the DNA synthesis reaction-enhancer of the present Invention and the total time 

ss period needed for PCR to be carried out without the addition, the total tfrne period needed can be shortened to about 
1/2, which may vary depending on a length of a fragment to be amplified, GC content, and the like. 
[0033] Since the DNA synthesis reaction-enhancer of the present Invention can shorten the time period required for 
the entire amplification reaction, there can be exhibited an excellent effect that gene diagnostic method or the like can 
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be performed in shorter time periods by using the enhancer tor gene diagnostic method or the Dke on the basis of PCR 
method, 

(II) DNA Synthesis Reaction Composition of the Present Invention 

5 

[0039] As en embodiment, the DNA synthesis reaction composition of the present Invention Includes, for Instance, 
a composition comprising the DNA synthesis reaction-enhancer described In the above Item (I). The above composition 
may comprise various components necessary tor DNA synthesis using DNA polymerase, for example, dNTP, magne- 
sium chloride and buffer components for maintaining appropriate pK. The composition may further comprise DNA 
10 polymerase. 

[0040] The DNA polymerase contained in the DNA synthesis reaction composition Is not particularly limited^ and 
Includes various kinds of DNA polymerases described In the above hem (I). The DNA synthesis reaction composition 
may contain one kind of enzyme or may contain two or more kinds of (plural kinds of) enzymes. For example, when a 
plurality of DNA polymerases are contained, the DNA polymerase may be the combination of DNA polymerase having 

is 3'->5' exonudease activity used tor LA-PCR and DNA polymerase having no such activity mentioned above. In addi- 
tion, ths DNA synthesis reaction composition of the present Invention comprising thermostable DNA polymerase Is suit- 
able for synthesis of DNAs having nucleotide sequences which easily form higher order structures and the use tor PCR. 
[0041] In addition, another embodknent of the DNA synthesis reaction composition of the present Invention 
Includes e composition comprising two or more kinds of DNA polymsrases each having 3*-»5' exonudease activity. Ths 

20 above composition may also comprise various components necessary tor DNA synthesis as described above and/or 
the DNA synthesis reaction-enhancer mentioned above. 

[0042] As a composition comprising a plurality of DNA polymerases, compositions utilized in LA-PCR method have 
been conventionally known. As descrfced above, a composition utilized tor LA-PCR method Is prepared by combining 
a DNA polymerase having 3'-»5' exonudease activity and a DNA polymerase having no such activity or exhibiting no 
25 such activity. 

[0043] The term "having 3->5' exonudease activity* as used herein means that the 3'-»5' exonudease activity 
owned by naturally occurring DNA polymerase has not been removed or reduced by e chemical method or genetic engi- 
neering method, I.e., the activity is substantially owned. In addition, the term "DNA polymerase exhibiting no 3'-*5' exo- 
nudease activity 0 refers to e DNA polymerase of which 3'-+5' exonudease activity has been removed or reduced by a 
30 chemlca I method or genetic engineering method. 

[0044] The present Inventors have clarified that when DNA polymerases each having 3'-»5' exonudease activity 
are combined, surprisingly, DNA synthesis reaction can be accomplished at higher reaction rates then those by LA- 
PCR method. 

[0045] Such compositions Indude, tor Instance, but are not particularly limited to, a composition comprising a com- 
as blnation of thermostable DNA polymerase belonging to the ortype and thermostable DNA polymerase belonging to the 
non-o, non-pol I type. In addition, the performance of the above composition Is Unproved by the addition of the DNA syn- 
thesis reaction-enhancer described above. 

[Q04G] One of the features of the above composition resides In that the DNA synthesizing rate per unit time Is very 
high. When the above composition Is used for PCR method, the time period needed for amplifying DNA of the same 

40 chain length is shorter than that for conventional PCR method and LA-PCR method. Therefore, DNA amplification can 
be canted out even under PCR conditions that were Impossible for DNA amplification by conventional methods, 
[0047] Since the DNA synthesis reaction composition of the present Invention can shorten tha time period needed 
for an entire amplification reaction, there Is exhibited an excellent effect that gene diagnostic method or the like can be 
performed in shorter time periods by using the competition, for instance, for genetic diagnostic method or the like on 

45 the basis of PCR method. 

(III) DNA Synthesis Method of the Present Invention 

[0040] According to the use of the DNA synthesis reaction-enhancer of the present invention or the DNA synthesis 
so reaction composition of the present Invention, a DNA synthesis reaction can be carried out et higher efficiency then that 
of conventions method by preparing a reaction mixture. For example, when the DNA synthesis method of the present 
Invention Is used for PCR method, an amplified product can be obtained with shorter reaction time than conventional 
PCR method or LA-PCR method. 

[D04S] Embodiments for ths DNA synthesis method of the present Invention Include a method using two or more 
£5 kinds of DNA polymerases; a method using DNA polymerase having 3*-*& exonuclsase activity and DNA polymerase 
having no such activity; a method using two or more kinds of DNA polymerases each having 3'-»5* exonudease activity; 
and a method using a-type DNA polymerase and non-o, non-pol I type DNA polymerase. Further, there Is Included a 
method In which the DNA synthesis method mentioned above Is carried out by PCR method. 
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[GD50] According to the DNA synthesis method of the present Invention, since the ttne period needed for en entire 
amplification reaction can be shortened, there can be exhibited an excellent effect that gene Diagnostic method or the 
Ilka can be performed In shorter time periods by using the method for gene diagnostic method or the Ilka on the basis 
of PGR. 

5 [0051] In addition, the DNA synthesis method of the present Invention can also be utilized for such procedures uti- 
lizing ONA polymerases as DNA labeling and nucleotide sequencing by the ddeoxy method. 

(IV) KHb for DNA Synthesis Method of the Present Invention 

to [0052] DNA can be synthesized more conveniently and efficiently by using the kit of the present Invention. The kit 
Is not particularly limited, as long as the kit Is usable for reactions Involving DNA synthesis, and Includes kits for DNA 
synthesis reactions in vttrv. Concrete examples include ktts for DNA nucleotide sequencing by the dkterory method, kits 
for DNA labeling, Wte for PGR, ktts forcDNA synthesis, and ktts for site-directed mutagenesis, 
[0053] One of the great features of the kit of the present Invention resides In that the kit comprises the DNA synthe- 

f5 sis reaction-enhancer of the present Invention and/or two or more kinds of DNA polymerases each having 3'-+5' exo- 
nudease actMty. In other words, an embodiment Includes a kit comprising the DNA synthesis reaction-enhancer of the 
present Invention, and another embodiment Includes a kit comprising two or more kinds of DNA polymerases each hav- 
ing 3'-»5' axonudease actMty, Furthermore, the present Invention also encompasses a kit comprising both the DNA 
synthesis reaction-enhancer of the present Invention and the two or more kinds of DNA polymerases each having 3'-+5' 

20 axonuctease actMty. 

[0064] Ths DNA synthesis reaction enhancers Include at least one kind selected from the group consisting of acidic 
substances and cationlc complexes described In the above Item (I). The two or more kinds of DNA polymerases each 
having 3' -►5' exonuclease actMty Include, for Instance, a-type DNA polymerase and non-ct, non-pol I type DNA 
polymerase, the polymerases preferably being thermostable DNA polymerases* The kit comprising the DNA synthesis 
25 reaction-enhancer of the present Invention further comprises one kind or two or more kinds of appropriate DNA 
polymerases, with particular preference given to thermostable DNA polymerases. This kit may also comprise reagents 
necessary for DNA polymerase reactions, such as dWTP, magnesium chloride, and buffer components for keeping the 
reaction mixture at appropriate pH, In any of the embodiments. 

[0056] The DNA synthesis reaction-enhancer mentioned above and DNA polymerases may be contained In the kit 

so In the form of single components, or In the form added to the reaction buffer or the like. 

[0058] Since the DNA synthesis reaction using the kit of the present Invention allows to give a very large amount of 
DNA synthesized per unit time period than that of ordinary reaction systems, there is exhibited an excellent effect that 
the time period needed for the procedures can be shortened when applied to various kinds of procedures involving DNA 
synthesle reactions, representatively exemplified by DNA labeling, PGR, cDNA synthesis, and site-directed mutagens- 

as eta For example, when this kit Is applied to PGR, the time period needed for amplifying e DNA of the same chain length 
is shorter than that of conventional PGR method and LA-PCR method. Therefore, DNA amplification cen be carried out 
even under PGR conditions that were Impossible for DNA amplification by conventional methods. In addition, the kit of 
the present Invention can shorten the tfcne period needed for an entire amplification reaction, there Is exhibited an excel- 
lent effect that gene diagnostic method or the like can be performed In shorter time periods by using the kit for gene 

40 diagnostic method or the Ilka on the basis of PGR method. 

[0057] In addition, the kit of the present Invention Is utilized to amplify nucleic adds by PCR method, so that there 
Is exhibited an excellent effect that the time period needed for an entire amplification reaction can be ehortened, or that 
the yield of the product obtained by the amplification reaction can be Improved. I n this case, a reaction mixture for ampli- 
fication Is prepared by mixing reagents necessary for PCR contained In ths kit, and at least one kind selected from the 

45 group consisting of acidic substances and cationlc complexes Is added to the reaction mixture. Thereafter, a reaction 
in cycles Is carried out In which each of denaturation, annealing, and extension processes Is repeated. At least one kind 
selected from the group consisting of acidic substances and cationlc complexes Is added in an amount effective for 
shortening the reaction time period and/or for Increasing the yield of the amplified product Furthermore, In PCR 
method utilizing the kit of the present Invention, there is exhibited an excellent effect that the chain length of ths freg- 

so merit amplified Is made longer, In comparison to that obtained by PCR method not utilizing the kit of the present Inven- 
tion. 

[0058] The reaction mixture mentioned above comprises the following components: 1 ) a nucleic acid serving as a 
template, 2) an appropri a te reaction buffer, 3) DNA polymerase, 4) dATP, oTTR dGTP and dCTP, and 5) at least one 
oligonucleotide primer At least one kind selected from the group consisting of addle substances and cationlc com- 
55 plexes may be added In an effective amount to the reaction mixture after preparation, or may be added as a component 
of the reaction buffer. 

[0058] According to the present Invention, there Is exhibited an excellent effect gene diagnostic method or the like 
can be performed In shorter time periods by the use for gene diagnostic method or the like on the basts of PCR, which 
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Involves the handling of a farge number of samples. 

[0030] The present Invention will be herelnbelow described In further detail by means of the working examples, 
without Intending to restrict the scope of the present Invention to these working examples. 

[003 1) In the following working examples, the activities of the commercially available enzymes were ehown on the 
5 basis of the Indication for each enzyme, provided that the enzyme activity unit for Ptu DNA Polymerase II was shown 
by the value obtained by the method for determination of an enzyme activity described in Example 1 . In addition, unless 
specified otherwise, the reaction solution comprising a commercially available enzyme was prepared In accordance 
with the Instruction for each enzyme, or prepared by using a reaction buffer attached thereto. Unless specified other* 
wise, PGR was canted out by using GeneAmp PGR System 9800 (manufactured by Parkin- Elmer). 

10 

Example 1: Preparation of Pfu DNA Polymerase II 

[0032] Ptu DNA Polymerase II was purified from bacterial cells obtained by culturing Escherichia coil 
JMIOOpFLM 001 (FERM BP-5579), which was Escherichia colt JM109 transformed with plasmld pFU1001 carrying a 
15 gene encoding Pfu DNA Polymerase II, and used In the following procedures. Here, the culture of the transformant and 
the purification of the enzyme were carried out in accordance wtth the method described in W097/24444 (for Instance, 
pages 28-29, Example 3, and the like), 

[0093] Incidentally, the enzyme activity of Pfu DNA Polymerase II was determined In the following manner An acti- 
vated calf thymus DNA (manufactured by Worth tngt on) (activated DNA) was used as a substrate. DNA activation and 

eo determination of DNA polymerase activity were carried out by the method described In DNA Polymerase from 
Escherichia cod, 263-276 (authored by C,C Richardson), published by Harper & Row, edited by a R. Davis. To 5 \xl of 
a sample of which the activity was to be determined was added 46 pi ol a reaction mixture [20 mM Tris-hydrochlorlc 
acid (pH 9.0), 15 mM magnesium chloride, 2 mM 2-mercaptoethenot, 02 mg/ml activated DNA, 40 pM each of dATP, 
dCTP, dGTP snd rfTTR 60 nM pHJ-tfTTP (manufactured by Amereham)]. The resulting mixture was reacted at 75°C for 

25 5 minutes. A 40 pJ portion of this reaction mixture was then spotted onto DE paper (manufactured by Whatman) and 
washed with 5% by weight Na^HPC^ five times. Thereafter, the remaining radioactivity on the DE paper was deter- 
mined using a liquid scintillation counter The amount of enzyme which Incorporated 10 nmol of [^-dTMP per 30 min- 
utes into the substrate DNA, determined by the above-described enzyme activity determination method, was defined 
as 1 U of the enzyme. 

so 

Exemole 2: Preparation of Primers 

[GCS4] Eleven kinds of primers X1 to JL3, to X10 and XL36 and XR465 were synthesized on the basis of the nucle- 
otide sequences of XDNA. The nucleotide sequences for the primers X1 to X5 and X8 to X10 are respectively ehown In 

35 SEQ ID NOs: 3 to 10 of Sequence Listing. In addition, the nucleotide sequence for X7 Is shown In SEQ ID NO: 11 of 
Sequence Listing. Further, the nucleotide sequences for 3LL36 and JLR485 are respectively shown In SEQ ID NOs: 12 
to 13 of Sequence Listing. The chain lengths of amplified DNA fragments are shown in Itable 1 , the fragments being 
amplified by PGR with JLDNA as a template using the combinations of these primers. Further, 3 kinds of primers Ecol , 
Eco2 and EcoG were synthesized on the basis of the nucleotide sequence ol Escherichia colt genomic DNA. The nude- 

40 otide eaquences of Eco1, Eco2 and Eco5 are respectively shown In SEQ ID NOs: 14 to 16 of Sequence Listing. The 
chain lengths of amplified DNA fragments are ehown in Table 1, the fragments being amplified by PGR with E. coli 
genomic ONA as a template using ths combinations of these primers. Further, 2 kinds of primers ApoE-1 and ApoE-2 
were synthesized on the basis of the nucleotide sequence of human ApoE region. The nucleotide eequerces of ApoE- 
1 and ApoE-2 are respectively shown In SEQ tO NOs: 17to 16 of Sequence Listing. The chain lengths of amplified DNA 

45 fragments are shown In Table 1 , ths fragments being amplified by PGR with human genomic DNA as a template using 
the combinations of these primers. 



Primsr Pair 


Chain Length of Ampli- 




fied DNA Fragment (kb) 


X1A2 


0.5 


VI A3 


1 


X1A4 


2 


X1/X5 


4 
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Table 1 (continued) 



Primer Pair 


Chain Length of Ampll- 
Tiea UniA rfByinem \kdj 


ft 1 f Kf 


D 
D 


r\* 1 frJo 


in 




If 


X1/X10 


15 




48.5 


Eco1/Eca2 


2 


Eco1/Eco6 


10 


ApoE-1/ApoE-2 


0.44 



Example 3; Enhancement of PNA Symhwfe RftKtton fry Acltite Substance 

£0 (1) Effects on Activity of Pfu DNA Polymerase II 

[0065] The eulfetecHucose-contalnlng polysaccharide^ obtained by the method described In W097/26896 (for 
Instance, Example 7 P page 77, line 8 to page 78, line 13; Example 9, page 79, Unas 7 to 1 8, and the nice), the calf thymus 
DNA {manufactured by Worttilngton), heparin (manufactured by WaJco Pure Chemicals) were used as addle sub- 
zs stances to examine the effects of these acidic substances Imparted on the activity of Pfu DNA Polymerase II. 

[0068] A reaction mixture comprising XDNA as a template, primers VI and A3 as a primer pair, and Pfu DNA 
Polymerase II as DNA polymerase was prepared, and PCR was carried out. The composition of the reaction mixture Is 
as follows. 

so Composition of Reaction Mixture: 

1 0 mM Tris-hydrochloric add (pH 92), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATP, dCTP, dGTP and dTTR 0,01% BSA, 1.25 U of Pfu DNA Polymerase II, 500 pg of XDNA, and 5 pmol each 
of prtners X1 and X3 (a final volume being 25 yJ). 

3S 

[0067] Further, 5 ng of the suHated-fucose-contalnlng polysaccharide-^ 200 ng of the calf thymus DNA, or 0.5 ng, 
1 ng, 2 ng or 5 ng of heparin was respectively added to the above reaction mixture. 

[0068] The reaction was carried out In 25 cycles, wherein one cycle of reaction comprises a process consisting of 
98 e C, 0 seconds - 6B*C, 0 seconds, Here, In the present specification, the description such as "9B*C, 0 seconds, ' 
40 B 68 & C, 0 seconds" shows that the reactor Is programmed so that the shift to the next temperature setting takes place 
simultaneously as the temperature reaches the set temperature. 

[0069] After the termination of reaction, 5 |il of the resulting reaction mixture was subjected to electrophoresis on 
1% agarose gel containing ethfdlum bromide In an amount of 0.00005%. The gel after electrophoresis was subjected 
to ultraviolet Irradiation, to visualize a band aecrbed to the amplified fragment, whereby en amplified fragment was con- 
49 firmed As a result, there was confirmed that an expected fragment of 1 kb was excellently amplified in any case where 
the acidic substances were added. When 0.5 ng of heparin was added, the fragment was especially highly efficiently 
amplified. On the other hand, for a similar reaction mixture except that an addle substance was not added, when PCR 
was carried out under the above conditions, an amplified fragment of 1 kb could not be confirmed. 
[0070] Further, the studies on the amplification of long chain length of DNA were carried out A similar reaction mix- 
so hire for PCR as above except that the amount of XDNA as a template was changed to 2j5 ng, and that the primer pelr 
was changed to primers X1 and JL5 or primers XI end XI 0, respectively, was prepared. Here, 200 ng of the calf thymus 
DNA or 5 ng of the sulfated-fucose-oontainlng polysaccharides was added as an acidic substance. The reaction was 
carried out in 30 cycles, wherein one cycle of reaction comprises a process consisting of 98°C, 0 seconds - 68*0, 5 min- 
utes. As a result, when the calf thymus DNA or the sulfated-fucose-contalnlng polyaaccherkle-F was added, an ampH- 
55 fled fragnent of 4 kb was confirmed for the primers X1 and X5, end an empHfted frapnent of 15 kb was confirmed for 
prtners XI and XI 0, respectively On the other hand, In a case where these acidic substances were not added, ampli- 
fied fragments could not be confirmed with ether of the prfrner pairs. 
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(2) Effects of Pfu DNA Polymerase I on DNA Synthesis Reaction 

[0071] The effects of the sutfBted-fucose*contsJn1ng polysaccharide-F, which Is on addle substance. Imparted on 
the activity of Pfu DNA Polymerase I were examined* Here, en enzyme prepared by utilizing recombinant DNA tech- 
5 ntque (Cloned Pfu DNA Polymerase, manufactured by Stratagene) was used for Pfu DNA Polymerase L 

[0072] A reaction mixture comprising XDNA as a template, prtnere X1 and X2 as a primer pair, and Pfu DNA 
Polymerase I as DNA polymerase was prepared, end PGR was carried out. The composition of the reaction mixture Is 
as follows. 

io Composition of Reaction Mixture: 

Pfu DNA Polymerase I buffer (manufactured by Strata gene), 0,2 mM each of dATP, dCTP, dGTP and HTTP, 
1 .26 U of Pfu DNA Polymerase 1, 500 pg of template DMA, and 6 pmol each of primers XI and X2 (a final vol- 
ume being 25 |il)> Two kinds of reaction mixtures were prepared: One with the addition of 20 ng of the sutfeted- 
15 fucoee-contalnlng polysaccharides to the reaction mixture, and one without addition. 

[0073] The reaction In 25 cycles was carried out for the prepared reaction mixture, wherein one cycle of reaction 
comprises a process consisting of 94°C, 30 seconds - 55 8 C, 30 seconds * 72*C, 60 seconds. Thereafter, s |xJ of the 
resulting reaction mixture was subjected to electrophoresis on 1% agarose gel, whereby an amplified DNA fragment 
go was confirmed. The amount of the amplified DNA fragment of 0.5 kb was visualized in the same manner as described 
above, and compared. As a result It was found that the amount of DNA amplified in the reaction mixture added with 
sutfated-fucose-contalnlng polysaccharide-F was larger Rom this finding, It was confirmed that the DNA amplification 
efficiency by Pfu DNA Polymerase I Is Improved by the addition of the sutfated-fucose-contalnlng polyeaccharide-R 

* Example* PCR Usmp Two Kinds of DNA Polymerases Each Having V -> S f 

Ifawffnciei^Aytmty 

30 

[0074] Studies were made on PCR simultaneously using both Pfu DNA Polymerase II and Pfu DNA Polymerase I, 
each of which Is DNA polymerase having 3 1 -> 5' exonuctease activity. Here, Cloned Pfu DNA Polymerase (manufac- 
tured by Stretagens) mentioned above was used for Pfu DNA Polymerase I. 

35 

(t) PCR Using Mixture of Pfu DNA Polymerase 1 and Pfu DNA Polymerase II 

[0075] A reaction mixture comprising XDNA as a template, and primers XI and 316 as a primer pair, was prepared, 
and PCR was carried out In this PCR, both Pfu DNA Polymerase I and Pfu DNA Polymerase II were used. The com- 
40 position of the reaction mixture Is es follows. 

Composition of Reaction Mixture: 

10 mM Tila -hydrochloric add (pH 92), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
45 dATP, dCTP, dGTP and dTTP, 0.01% BSA, 500 pg of template DNA, and 5 pmol each of primers X1 and JLB 

[0076] To the reaction mixture were added 0.375 U of Pfu DNA Polymerase II, end 0.125, 0.375, 0,75 or 1 .25 U of 
Pfu DNA Polymerase I, respectively, to mate up a final volume of the reaction mixture of 25 jil. In addition, as controls, 
a reaction mixture prepared by adding only Pfu DNA Polymerase I, and a reaction mixture prepared by adding only Pfu 

so DNA Polymerase tl were also prepared. 

[0077] The reaction In 25 cycles was canted out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 8B°C, 0 seconds - 6B*C, 3 minutes. Thereafter, 5 pJ of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethldlum bromide In an amount of 0.00005%, whereby 
an amplified fragment was confirmed. As a result, amplification of a DNA fragment of 10 kb could not be confirmed by 

55 the addition of Pfu DNA Polymerase I atone regardless of the amount thereof. In addition, whle a very slight amount of 
a fragment of 1 0 kb could be found by the addition of Pfu DNA Polymerase 11 alone, It was confirmed that amplification 
efficiency of a fragment of 10 kb was Improved In an amount-dependent manner by adeflng Pfu DNA Polymerase I to 
Pfu DNA Polymerase II. 
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(2) Amplification of DMA Fragments Having Different Chain Lengths 

[0078] Using XDNA as a template, and each of prime re X1 and X3, primers X1 and XA, or primers XI and X6 as a 
prfrner pair, the reaction mixture having the following composition was prepared. 

5 

Composition of Reaction Mixture: 

1 0 mM Tris-hydrochloric add (pH 9,2), 75 mM potassium chloride. 6 mM magnesium chloride, 0.4 mM each of 
dATR dCTP, dGTF and tfTTP, 0,01% BSA, 1 ,25 U of Pfu DNA Polymemse I and 1.25 U of Pfu DMA Polymerase 
w II, 500 pg of XDNA, and 5 pmol each of the primers, 5 ng or 50 ng of sulfated-fuccse -containing potysaccha- 

rlde-F (a final volume being 25 nl). In addition, as a control, one without addition of sutfatectfucose^contalnlng 
porysaccharlde-F was prepared, 

[0079] The reaction In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
is comprises a process consisting of 98° C, 0 seconds - 68°C, 0 seconds, Thereafter, 5 of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethldlum bromide In an amount of 0.00005%, whereby 
an amplified fragment was confirmed As a result, amplification of a DNA fragment of 1 kb, 2 Kb or 4 Kb could be con- 
firmed, depending upon the primer pair used. Regarding sulfated-fucose-containlng polysaccharide-^ one added In an 
amount of 50 ng showed more excellent amplification efficiency as compared to the one added In an amount of 6 ng. 
20 On the other hand, In a case of one without addition, amplified fragments could not be confirmed. 

Example a Comparison with Conventional .FCR Techniques 

(1) Amplification of Long Chain DNA 

25 

[0080] As to the amplification reaction of a DNA fragment of 10 to 15 kb using XDNA as a template, a comparison 
was made between the reaction system described In Item (2) of Example 4 and that tor LA-PCR method using a com- 
bination of DNA polymerase having 3' ~-> 5' exonuclease activity and DNA polymerase having no such activity. Here, 
the reaction mixture for LA-PCR was prepared by using TaKaRa LA PGR Kit Ver 2 (manufactured by Takara Shuzo Co. , 
30 Ltd.). - 

[0081] Using each of primers X1 and X8, primers X1 and X9, or primers X1 and XI 0 as a primer pair, the reaction 
mixture having the fo! towing composition was prepared 

Composition of Reaction Mixture; 

35 

10 mM Tris-hydrochtorte acid (pH 8,2), 75 mM potassium chloride, 6 mM magnesium chloride, 04 mM each of 
dATP, dCTR dGTP and cfTTP, 0.01 % BSA, 1 .25 U of Pfu DNA Polymerase I and 1.25 U of Pfu DNA Polymerase 
II, 600 pg of XDNA, and 5 pmol each of the primers, 60 ng Of sulfated-fucose-containlng porysaccharlde-F (a 
final volume being 25 yJ), 

40 

[0082] In addition, a reaction mixture for LA-PCR (a final volume being 25 Ml) has the same amounts of template 
DNA and primers as the above-mentioned reaction mixture was prepared by using TaKaRa LA PCR Kit Ver 2 men- 
tioned above. 

[0083] The reaction In 25 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
45 comprises a process consisting of 9B B C, 0 seconds - 68°C, 3 minutes. Thereafter, 5 jU of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethldlum bromide In an amount of 0,00005%, whereby 
an amplified fragment was confirmed. As a result, when Pfu DNA Polymerase t and Pfu DNA Polymerase II described 
In Item (2) of Example 5 were used in combination, amplification of a DNA fragment of each of 10 kb, 12 Kb and 15 kb 
tor each primer pair was confirmed. 
so [0084] On the other hand, In the reaction employing the conventional LA-PCR, while amplification of e fragment of 
10 kb was confirmed, amplification of fragments of 12 kb and 16 kb could not be found, 

[0086] Incidentally, when amplification of the fragment of 1 2 kb was tried by changing the conditions for one cycle 
to one comprising a process consisting of 96°C, 0 seconds - 6B°C, 5 minutes, amplification was found also for the reac- 
tion mixture for LA-PCR In this case. 

55 

(2) Amplification by Short Time Reaction of ShortChaln DNA 

[0086] As to the amplification reaction of a DNA fragment of 0.5 to 4 kb using XDNA as a template, a comparison 
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was mads between the reaction system descrtoed In Item (2) of Example 4 and that Ax LA-PCR method or that tor KOD 
DMA Polymerase, which has been known to have high DMA synthesizing rale. Hero, the reaction mixture for LA*PCR 
was prepared by using TaKaRe LA PCR Kit Var. 2, and the -reaction mixture for KOD DNA Polymerase was prepared 
by using KOD DNA Polymerase, manufactured by TOYOBO CO., LTD. and attached reaction buffer, respectively. 
5 [0087] Using each of primers X1 and JL2, primers XI and A3, or primers X1 end X5 as a primer pair, the reaction mix- 
ture having the following composition was prepared. 

Composition of Reaction Mixture: 

10 1 0 mM Trte-hydrochlorta odd (pH 9.2), 75 mM potassium chloride, 6 nM magnesium chloride, 0.4 mM each of 

dATP, dCTP, dGTP and tfTTF, 0.01% BSA, 1 25 U of Pfu DNA Polymerase I and 1 .25 U of Pfu DNA Polymerase 
II, 500 pg of XDNA, and 5 pmol each of the primers, 50 ng of eulfated-f ucose-contalnlng polysaccharlde-f (a 
flnai volume being 25 

is [0088] In addition, using the same primer pair as the above-mentioned reaction mixture, a reaction mixture for LA- 
PC R and a reaction mixture tor KOD DNA Polymerase (a final volume being both 25 jif) were prepared. Here, to these 
two kinds of the reaction mixtures, template XDNA was added 2500 pg each. 

[0089] The reaction In 25 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98°C, 0 seconds - 68°C, 0 seconds. Thereafter, 5 pi of the resulting reaction mixture 
20 was subjected to electrophoresis on 1 % agarose gel containing ethldhjm bromide In an amount of 0,00005%, whereby 
en amplified fragment was confirmed. As a result, when Pfu DNA Polymerase j and Pfu DNA Polymerase II described 
In item (2) of Example 6 were used In combination, amplification of a DNA fragment of each of 0.5 kb, 1 kb and 4 kb for 
each primer pair was confirmed, 

[0000] On tha other hand, in the conventional reaction mixture for LA-PCR or reaction mixture for KOD DNA 
25 Polymerase, only slight amplification of a DNA fragment of 0.5 kb could be found, even though the reaction mixtures 
contained template DNA In a five-fold amount 

(3) Comparison of DNA Detection Sensitivity 

so [0091 ] As to the amplification reaction of a DNA fragment using a slight amount of ADNA as a template, a compar- 
ison was made between the reaction system described in Item (2) of Example 4 and that for LA-PCR method* Here, the 
reaction mixture for LA-PCR was prepared by using TeKaRa LA PCR Kit Var. 2. 

[0092] Using prtmers X1 end J2 as a primer pair, the reaction mixture having the following composition was pre- 
pared. 

35 

Composition of Reaction Mixture: 

10 mM Tfts-hydrochJortc acid (pH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4mM each of 
cWTP, dCTP, dGTP and tfTTP, 0,01% BSA, 1 .25 U of Pfu DNA Polymerase I and 1 .25 U of Pfu DNA Polymerase 
40 Jl, 0.05 fg of ADNA, and 5 pmol each of the primers, and 50 ng of suHated-fucoae-contalnlng potysaochertde- 

F (a final volume being 25 jil). 

[0093] In addition, a reaction mixture for LA-PCR having the same amounts of template DNA and primers as the 
above-mentioned reaction mixture was prepared. 

45 [0094] The reaction In 50 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98°C, 0 seconds - 68°C, 0 seconds. Thereafter, 5 til of the resulting reaction mixture 
was subjected to electrophoresis on 1 % agarose gel containing ethkflum bromide fn en amount of 0.00005%, whereby 
an amplified fragment was confirmed As a result, amplification of a DNA fragment of 0.5 kb could be confirmed only In 
the reaction system described In Item (2) of Example 4. 

so [0095] Next, the primer pairs were changed to primers VI and XB, and tha two kinds of reaction mixtures in the 
same manner as mentioned above were similarly prepared. The reaction In 50 cycles was carried out for each of these 
reaction mixtures, wherein one cycle of reaction comprises a process consisting of 98°C, 0 seconds * 68°C, 3 minutes. 
Thereafter, 6 jtf of the resulting reaction mixture was subjected to electrophoresis on 1% agarose gel containing ethld- 
ium bromide In an amount of 0.00005%, whereby an amplified fragment was confirmed. As a result, amplification of a 

ss DNA fragment of 1 0 kb could be found In the reaction system described In Item (2) of Example 4, whereas no amplifi- 
cation of a DNA fragment was found In the conventional reaction mixture tor LA-PCR. 
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[0099) The aulfated-fucose-containing potyaaccheride-F used In the subsequent examples wets purified by the fol- 
lowing process A preparation example of sutfated-fucose-corttalnlng polysaccharide^ Is given herelnbeiow. 

5 [0097] Gagome kombu was sufficiently dried, end thereafter 20 kg, a weight on a dry basis, of the Gagome kombu 
was pulverized Next, the resulting dry powder was suspended In 800 liters of tap water containing 7.3 kg of calcium 
chloride *ol hydrate, and the temperature was raised to 90°C over a period of 40 minutes wtth stirring. The extraction 
was carried out tor one hour wtth keeping at 90° to 95°C. Thereafter, the resulting solution was cooled to 20°C, stopped 
stirring, and allowed to stand overnight, to give an extract 

w [GG&8] Next, solid-Dquld separation was carried out using a centrifuge (Mode* CNA, manufactured by WestfaDa 
Separator Inc.). About 900 liters of supernatant of the solid-liquid separation was obtained from the above extract by 
using the centrifuge. Three-hundred and sixty titers of the supernatant was filtered wtth a SFARKLER FILTER (manu- 
factured by Nippon Sensttoku Klkal) Incorporated with a fitter of a size of 3 jim (manufactured by Nippon Shofcuhln 
Rozai). The filtrate was concentrated to a volume of 20 litem by UF membrane ("FE 1 0-FC-FUS03B2," manufactured by 

is DAICEL CHEMICAL INDUSTRIES, LTD.) having a fractionated molecular weight of 30000. Thereefter, 20 liters of tap 
water was added to the resulting concentrate, and the dilution was concentrated again to a volume of 20 liters. The dilu- 
tion-concentration operations as described above were repeated five time, to give 25 Iters of a concentrate. 
[0099] lb 700 ml of the above concentrate were added 0,2 M calcium chloride and 20 mM sodium acetate as a final 
concentration. Thereafter, the resulting mixture was ctietyzed against 20 mM sodium acetate-equilibrated buffer (pH 6.0) 

so containing 0.2 M caJdum chloride. The solution after the dialysis treatment was applied to 3500 ml of DEAE-Sepharose 
FF column {column inner diameter 9.7 cm) equilibrated wtth 10 titers of the above equilibrated buffer, and washed wtth 
5 liters of the equilibrated buffer. The etutton was carried out under 3-step gradent conditions given hereinbelow. 
[0100] Incidentally, the flow rate of the chromatography was set at 3500 ml/1 hour. Gradient Conditions: 

25 1] finear gradient of 0 to 0,5 M sodum chloride 
(amount of eluent 4.5 liters) 
2] linear gradient of 0.5 to 1 .0 M sodium chloride 

(amount of eluent 4.5 Itters) 3] linear cjadlent of 1 .0 to 2.0 M sodum chloride 
(amount of eluent 4.6 lite re) 

30 

[0101] The eluent was collected 260 ml per one fraction. Each traction was subjected to sugar quantification by 
phenol sulfuric add method, and to uronfc acid quantification by carbazofa-sulfuric acid method. As a result, fractions 
of Fraction Nos. 40 to 53, which were fractions having high sugar contents and low contents of uronic add, were 
obtained. The fractions of Fraction Nos, 40 to 53 are referred to "Suffiated-fucose-contalnlng potysaccharide-F frac- 
as flons.' Each of the suRated-fucose-contalnlng polyaaccharide-F fractions was concentrated wtth a ultrafiltration mem- 
brane of 100000, and thereafter the concentrate was dialyzed against SO mM sodium citrate, and further dlafyzed 
overnight against distilled water Subsequently, the mixture was ryophllized, to give 1 .696 g of sutfctod-fucose-oontaln- 
Ing pdysaccharide-F from the sulfated-fucc^e-containing polyaaccharide-F fraction. 

40 Example 7: Preparation of Suffated-fucQsa-containlng PotyBaccharide-LI hy Extraction wtth Hot Water 

[0102] The sulMed-fucose-contalnlng potysacchartie-U used in the subsequent examples was purified by the fol- 
lowing process. A preparation example of suttted-fucose-contalnlng potysaccharide-U is given herelnbelow 
[0103] TWo tons of Gagome seaweed was pulverized, and the resulting dry powder was suspended In 44 kl of tap 
45 water containing 730 kg of calcium chloride * dl hydrate, and the temperature was raised to 95°C over a period of 1 hour 
end 35 minutes with stirring. The extraction was carried out for 2 hours with keeping at O5 0 C, Thereafter, the resulting 
solution was cooled overnight to room temperature, 

[0104] Next, soDd-dquid separation was carried out by using a decanter (manufactured by Tanabe Wlltech), The 
operating condtions were such that the separation was carried out at 3000 to 3300 rpm (2560 G) over a period of about 
so fl hours* The resulting supernatant of the soBd-llquld separation was concentrated to a volume of 5 liters with a UF 
membrane ("FE1 0-FC-FUS03B2,- manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.) having a fractionated 
molecular weight of 30000. Thereafter, the concentrate was subjected to UF desalting. 

[0105] The above desalted solution was subjected to turbid removal wtth LINT FILTER {manufactured by Nalgai 
Jokl) Incorporated wtth ADVANTEC 0327 filler paper (manufactured by ADVANTEC). The filtrate was sterilized at 98°C 
ss for 40 seconds with a plate heater (manufactured by Hlsaka Selsakusho). The resulting extract was about 4620 Itters. 
A part of the extract was lyophinzed with a lyophDlzer (manufactured by Kyowa Shlnku Gijutsu). 
[0106] Three-hundred and forty grams of the ryophllized product was dissolved In 21-2 Iters of 20 mM sodium ace- 
tate-equilibrated buffer (pH 6.0) containing 0-2 M calcium chloride. The solution was appBed to about 35 (Iters of DEAE- 
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Sepharose FF column (column Inner diameter 35 cm) equilibrated with the above equilibrated buffer, and washed with 
70 liters of the equilibrated buffer. The elation was carried out under 3-step gradient conditions given herelnbebw. 
[0107] Incidentally, the flow rate of the chromatography was set at 35 nters/T hour. Gradient Conditions: 

5 1 ] llnsar gradient of 0 to 0.5 M sodium chloride 

(amount of eluent 120 liters) 
2] linear gradient of 0.5 to 1 .0 M sodium chloride 

(amount of eluent 120 liters) 
3] linear gradient of 1.0 to 1 .5 M sodium chloride 
w (amount of eluent 1 20 lite rs) 

[01 OS] The eluent was collected 10 liters per one fraction. Each fraction was subjected to sugar quantification by 
phenol sulfuric acid method, and to uronlc arid quantification by carbazofe -sulfuric acid method* As a result, fractions 
of Fraction Nob. 4 to 16, which were fractions having high sugar contents and high contents of uronlc add were 

is obtained. The fractions of Fraction Nob. 4 to 16 are referred to "surfated-fucose-corrtalnlng poryaaccharide-U fractions." 
Each of the sutfsJted-fucose-contalning potysaccharide-U fractions was concentrated wHh a ultrafiltration membrane 
having a cut-off molecular weight of 1 0000. Thereafter, the resulting concentrate was dlafyzed by using a cellulose tube 
having a cut-off molecular weight of 12000 to 14000. First, the dialysis was carried out by twice an operation of 
exchanging an aqueous solution of 50 mM trisodlum citrate • dlhydrate every 3 to 4 hours wfth the aqueous solution, and 

so thereafter overnight against the aqueous solution. Next, the dialysis was carried out by twice an operation of exchang- 
ing distilled water every 3 to 4 hours with distilled water, and thereafter overnight against dtetilled water. Subsequently, 
the mixture was ryophiilzed, to give 37.6 g of eulfated-fccose-contalnlng poiysaccharlde-U from the surrated-fucose- 
contalnlng polysaccharide-U fraction. 

25 Example 8: Enhancement of DNA Synthesis Reaction of Pf u DNA Polymerase II bv Acidic Substances 

[0109] In the following example, PCR was carried out In Fast mode by using TaKaRa PCR Thermal Cycler Personal 
(manufactured by Takara Shuzo Co., Ltd.). 

so (1 ) Effects of SurfBted-fucose-containlng Porysaccharide-F, Dextran Sulfate Powder and Sodium Alginate on Activity of 
Pfu DNA Polymerase II 

[0110] Using the sultated-fucose-contalNng Polysaccharide-F obtained In Example 6 described above, dextran sul- 
fate powder (manufactured by Onco), or sodium alginate (100 to 150 centlpolses, manufactured by Wako Pure Chem- 
x icais), the effects of these addle substances on the activity of Pfu DNA Polymerase II were examined A reaction 
mixture comprising XDNA as a template, primers JL1 end X2 as a prfrier pelr r and Pfu DNA Polymerase II as DNA 
polymerase was prepared, and PCR was carried out The composition of the reaction mixture Is es follows. 

Composition of Reaction Mixture: 

40 

1 0 mM THs-hydrochloric acid, pH 9.2. 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 
dATP, dCTP, dGTP and oTTP, 0.01% BSA. 1 .25 U of Pfu DNA Polymerase II, 100 pg of XDNA, and 6 pmoi each 
of primers X1 and X2 (a final volume being 25 pi). Further, 1 0 ng of the sutfated-fucose-contalnlng pofysaccha- 
rlde-F, 1 0 ng of dextran sulfate powder, or 1 jig of sodium alginate was respectively added to the above reaction 
45 mixture. 

[01 1 1] The reaction In 25 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 98*0, 5 seconds - 66°C, 1 5 seconds. Thereafter, 5 nl of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing elhidum bromide In an amount of 0,00005%, whereby 
so an amplified fragment was confumsd. The results are shown In Table 2. 
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Table 2 



Addle Substance 


Amount Added 


Amplification Results 


Sulferted-ftjcose^ntalnlng Polysaccharide-F 


10 ng 


++ 


Dextran Sulfate Powder 


10 ng 


+ 


Sodium Alginate 


1 HO 




No Addition 







+-+: Intensive ampJCficetlon being observed; 

Amplication being observed; 
± Sight am p lfficarJon being observed; and 



[0112] As shown In Table 2, there was confirmed that en expected fragment of 0.5 kb was axceHentfy amplified In 
any case where acidic substances were added. On the other band, tor a similar reaction mixture without adefttton of the 
acidic substances, when PCR was carried out under the above conditions, en amplified fragment of 0.5 kb could not be 
so confirmed. 



(2) Effects of Sulfated-fucose-contakilng Polysaocharlde-F, Sulfated-fucose-corttalnlng Polysaccharide-U and Sodium 
Polyglot ornate on ON A Synthesis Reaction by Pfu ONA Polymerase II 

2s [0113] Further, studies were conducted on the effects of the eulfHted-fucose-contalnlrig polyaaccharide-F obtained 
in Example 6 described above, the sulfated-fucose-contalnlng polysacchartde-U obtained In Example 7 described 
above, or sodium potyglutamate (manufactured by Sigma) as an addle substance. A reaction mixture for PCR was pre- 
pared In the same manner as described above except for changing the amount of template XDN A to 600 pg and the 
primer pairs to primers X1 and A3. Five nanograms of the sulfated-fucose-containlng polysaccharide^, 5 ng, 10 ng, 20 

ao ng or 30 ng each of the eurfatetWu cose -containing polysaccharide-U, or 250 ng, 500 ng, 760 ng or 1000 ng each of 
sodium polyglutamate was respective ty added to the above reaction mixture. 

[0114] The reaction was carried out In 30 cycles, wherein one cycle of reaction comprises a process consisting of 
98°C, 5 seconds - 66°C, 1 5 seconds. After the termination of the reaction, 5 0 of the resulting reaction mixture was sub- 
jected to electrophoresis on 1% agarose gel containing ethldium bromide In an amount of 0,00005%, whereby an ampll- 
35 fled fragment was confirmed. The results are shown In Table 3. 



IbbJeS 



Actdfc Substance 


Amount Added (ng) 


Amplication Results 


Sutfated-fucose-contalnlng Polysaccharide- F 


5 


++ 


Sulfated-fucose-contalnlng Polysaccharide-U 


5 


++ 




10 


! +■ 




20 


+■ 




30 


; ± 


Sodium Potyglutamate 


250 


+ 




500 


+ 




750 


++ 




1000 


+ 


No Addition 







++: Intensive amplification being observed; 
+: Amplification being observed; 
± Slight amp*rflcaUan being observed; and 
•I No amplification being observed* 
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(0115] As shown In Table 3, when the sultated-fucose-contHlning polysaccharide*^ the suTftted-fucose-contalnlng 
polysaccharide-U, or sodium polyglutamate was added, an amplified fragment of 1 kb was confirmed In any of these 
cases. On the other hand, an amplified fragment of 1 kb could not be confirmed for one without addition of any of these 
addle substances. 

Example 9; Enhanpgmwn ol PNft Svnttirels Rflftttton of Tag PNA Prtymgrcre Jar Acfrite Substance 



(0116] Using the eulfatad-fucoee-contalnlng polysaccheride-F obtained In Example 6 described above or sodium 
alginate, the effects of these acidic substances Imparted on TaKaRa Taq DNA Polymerase (manufactured by Takara 
io Shuzo Co,, Ltd.) were examined. In this example, PCR was carried out In normal mode by using TaKaRa PGR Thermal 
Cycler Personal. 

[0117] A reaction mixture comprising XDNA as a template, primers A.1 and X3 as a primer pair, and TaKaRa Taq 
DNA Polymerase as DNA polymerase was prepared, and PCR was carried out. The composition of the reaction mixture 
Is as follows. 

IS 

Composition of Reaction Mixture: 



TaKaRa Taq DNA Polymerase buffer, 0.2 mM each of dATP, dCTP, dGTP and dTTP, 1,25 U of TaKaRe Taq 
DNA Polymerase, 100 pg of XDNA, and 10 pmol each of primers X\ and A3 (a final volume being 50 |xl). Fur- 
20 ther, 0.1 ng or 0.25 ng each of the sulfeted-fucose-containlng polysaccharlde-F or 1 jig of sodium alginate was 

respectively added to the above reaction mixture. 



[0118] The reaction was carried out In 30 cycles, wherein one cycle of reaction comprises a process consisting of 
98°C, 1 0 seconds * 6B°C, 1 minute. After the termination of ths reaction, 5 uJ of the resulting reaction mixture was sub- 
as Jected to electrophoresis on 1 % agarose gel containing ethldium bromide in an amount of 0.00006%, whereby an ampli- 
fied frapnent was continued. The results are shown In Table 4. 



TbUe4 



Acidic Substance 


Amount Added 


Amplification Results 


Sutfated-fucose-containing Polys accharide-F 


0.1 ng 


++ 




025 ng 


++ 


Sodum Alginate 




+ 


No Addition 







++: Intonate amplification being 
+: Amplification being observed; 

±: 

Ho ampflficaUon being 



[0119] As shown in Table 4, there was confirmed that an expected fragment of 1 kb was excellently amplified In any 
case where acidic substances were added. On the other hand, for e similar reaction mixture without addition of the 
45 acidic substances, when PC R was carried out under the above reaction conditions, an amplified fragment of 1 kb could 
not be confirmed. 

Example 10; Effects of Addle Substances on PNA Polymerase for LA-PCR 

so (0120} 

<1) The effects of the acidic substances were studied on LA-PCR method comprising a combination of DNA 
polymerase having 3' 5* exonuclease activity, and DNA polymerase having no such activity. A reaction mixture 
comprising XDNA as a template, primers XI and XB as a primer pelr was prepared, end PCR was carried out In 
55 this PCR, TaKaRa EX -Taq DNA Polymerase {manufactured by Takara Shuzo Co., Ltd.) was used. The composition 
of the reaction mixture Is as follows. 

In the following example, PCR wae carried out In Fast mode by using TaKaRa PCR Thermal Cycler Personal 
(manufactured by Tkkara Shuzo Co, Ltd.). 
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Composition of Reaction Mixture: 

a reaction mixture comprising TaKaRa EX-Taq DMA Polymerase buffer, 0.2 mM each of dATP, dCTP, dGTP 
andoTTP, 10 pg of XDNA, 1 .26 U of TaKaRa EX-Taq DNA Polymerase, and 10 pmoi each of primers X1 
end XB {a final volume being 50 \x I). Further, 1 n g of the surbted-fucose-contalnl ng polysBccharide-F or 0.5 
pg of sodium alginate was respectively added to the above reaction mixture. 

The reaction was carried out In 27 cycles, wherein one cycle of reaction comprises a process consisting of 
98°C, 5 seconds - 6B°C, 3 minutes. After the termination of the reaction, 5 pi of the resulting reaction mixture was 
subjected to electrophoresis on 1% egarose gal containing etfildlum bromide In an amount of 0.00005%, whereby 
an amplified fragment was confirmed. The resute are shewn In Table 6. 

Further, PCR was carried out for a reaction having the same composition as the above reaction mixture except 
for using 100 pg of XDNA as template DNA, end adding 0.2S \iq of sodium alginate or 1 ng of the surfated-fucose- 
contalnlng polysaccharide-F as an acidic substance. 

The reaction was carried out In 2d cycles, wherein one cycle of reaction comprises a process consisting of 
9S*C, 6 seconds ■ 6B°C, 3 minutes. After the termination of the reaction, 5 pt of the resulting reaction mixture was 
subjected to electrophoresis on 1% agarose gel containing ethldlum bromide In an amount of 0.00006%, whereby 
an amplified fragment was confirmed. The results are also shown In Table 5. 



Table 5 



Amount of Template 
ONA 


Acidic Substance 


Amount Added 


Amplification Results 


10 pg 


Suffated-fucose -containing Polysaccharide^ 


1 ng 


++ 




Sodium Alginate 


0.5 pg 


++ 




No Addition 






lOOpg 


Surrated-fucose-contBlnlng Pofysaccharide-F 


1ng 


++ 




Sodium Alginate 


0.25 jig 


++ 




No Addition 




± ; 



++: Intensive amplification behg observed; 
+: A m p lificati on being observed; 
± Sttgjrt amplification being observed; end 
*: No amplification befog observed. 



As ehown In Table 5, there was confirmed that a fragment of 10 kb when adding an acidic substance was excel- 
lently amplified for any of the amounts of template DNA. On the other hand, when PCR was carried out under the 
above reaction conditions for a reaction mixture without addition of the addle substances, an amplified fragment of 
10 kb could be confirmed very slightly for the case where template ONA was 1 00 pg, 

(2) The effects of the acidic substances were studied for KOD dash DNA Polymerase (manufactured by TOYOBO 
CO., LTD.), comprieing a combination of ONA polymerase having 3' -+ 5' exonudease activity; and DNA polymer- 
ase having no such activity. A reaction mixture comprising XDNA as a template, primers VI and Xfl as a primer pair 
was prepared, and PCR was carried out. In ths following example, PCR was carried out In Fast mode by using 
TaKaRa PCR Thermal Cycler Personal (manufactured by Takara Shuzo Co., Ltd.). The composition of the reaction 
mixture Is as follows. 

Composition of Reaction Mixture: 

exclusive buffer attached for KOO dash DNA Polymerase, 0.2 mM each of dATP, dCTP, dGTP and oTTP, 1 0 pg 
of XDNA, 2.5 U of KOD dash DNA Polymerase, and 10 pmol each of primers XI and X9 (a final volume being 
50 |il). Further, 1 ng of the sulrated-tacose-contalnlng porysaccharide-F or 0.5 jig of sodium alginate was 
respectively added to the above reaction mixture. 

[0121] The reaction was carried out in 25 cycles, wherein one cycle of reaction comprises a process consisting of 
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98°C, 5 seconds - 68°C, 3 minutes, After the termination of the reaction , 5 nJ of the resulting reaction mixture was sub- 
jected to electrophoresis on 1% agarose gel containing ethldlum bromide In an amount of 0.00005%, whereby an ampli- 
fied fragment was confirmed. The results are shown In Table 6. 



Table 6 



Acidic Substance 


Amount Added 


Amplification Results 


Sulfated-fucose-contalning Potysacchartde-F 


1 ng 




Sodium Alginate 


0.5 MS 




No Addition 




± 



+*K IntanBhn airiplfflcsflon bsfng otasrvsd; 

AmpM ca tton being observed; 
±: Slight nmpflficatton bsing obsaned; and 
-: No amplification being observed. 



[0122] As shown In Table 6, there was confirmed that an expected fragment of 12 kb was excellently anplffled In 
any case where acidic substances were added. On the other hand, for e similar reaction mixture without addition of the 
go acidic substances, when PCR was carried out under the above reaction conditions, an amplified fragment of 12 kb 
could be only slightly confirmed. 

[Q123] Studies were conducted on PCR simultaneously using Pfu DNA Polymerase II and any one of KOD DNA 
ao Polymerase (manufactured by TOYOBO CO., LTD,), VENT DNA Polymerase (manufactured by New England Blolab), 
or DEEP VENT DNA Polymerase (manufactured by New England Blotab), each of which is DNA polymerase having 3' 
5' exonudease activity. 

[0124] A reaction mixture comprising XDNA as a template, primers Xi and X8 as a primer pair was prepared, and 
PCR was carried out In this PCR, a combination of Pfu DNA Polymerase II end KOD DNA Polymerase, a combination 
95 of Pfu DNA Polymerase II and VENT DNA Polymerase, or a combination of Pfu DNA Polymerase II and DEEP VENT 
DNA Polymerase was respectively used. The composition of the reaction mixture Is as follows. 

Composition of Reaction Mixture: 

40 10 mM Tris-hydrochtorte acid (pH 9.2), 75 mM potassium chloride, 6 mM magnesium chloride, 0.4 mM each of 

dATP. dCTP, dGTP and dTTP, 0.01% BSA, 500 pg of XDNA, and 5 pmol each of primers Xl and X8. lb the 
above reaction mixture was respectively added 0.375 U of Pfu DNA Polymerase II, and 3.75 mU of KOD DNA 
Polymerase, 6.25 mU of VENT DNA Polymerase or DEEP VENT DNA Polymerase, the reaction mixture mak- 
ing up a final voluma of 25 fi). 

[0125] In addition, as controls, a reaction mixture In which Pfu DNA Polymerase II, KOD DNA Polymerase, VENT 
DNA Polymerase or DEEP VENT DNA Polymerase was added alone was prepared. The reaction In 30 cycles was car- 
ried out for each of these reaction mixtures, wherein one cyde of reaction comprises a process consisting of 98°C, 5 
seconds - 68°C, 3 minutes. Thereafter, 5 \i\ of the resulting reaction mixture was subjected to electrophoresis on 1% 
so agarose gel containing ethlolum bromide In an amount of 0.00005%, whereby an amplified DNA fragment was con- 
firmed. The results are shown in Table 7. 



ss 
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Table 7 



5 


Combination of DNA Polymerase (Polymerase A/ Polymer- 
ase B) 


Amount of Enzyme Used 
(Polymerase A/ Polymer- 
ase 9) 


Amplmcatlon Results 




Pfu DNA Polymerase 11/- 


0.376 U/ - 


± 




-/KOD DNA Polymerase 


-/3.75mU 




to 


- /VENT DNA Polymerase 


-/6.25mU 






- /DEEP VENT DNA Polymerase 


-Z6.25 mU 






Pfu DNA Polymerase 11/ KOD DNA Polymerase 


0.375 U/3.75 mU 




15 


Pfu DNA Polymerase 11/ VENT DNA Polymerase 


0.375 U/6.25 mU 


+ 




Pfu DNA Polymerase 11/ DEEP VENT DNA Polymerase 


0.376 U/6.25 mU 





++: frrtansfve amplication being observed; 
+: Amplification being observed; 
±: SligM amplication being observed; and 
No amplication being observed. 



[0126] As shown In Table 7, while an amplified fragment of 1 0 W> was not found when using KOD DNA Polymerase, 
VENT DNA Polymerase or DEEP VENT DNA Polymerase alone, there was found a slight amount of an amplified trag- 
us merit of 10 kb when using Pfu DNA Polymerase II alone. Further, In b system where 0.375 U of Pfu DNA Polymerase 
II, and 3.75 mU of KOD DNA Polymerase, 6£5 mU of VENT DNA Polymerase or DEEP VENT DNA Polymerase Is used 
in combination, there was confirmed that an amplification efficiency of a fragment of 1 0 kb was Improved, as compared 
with the case of using Pfu DNA Polymerase II alone, 

so Example 12 

[0127] PGR was carried out by using in combination Pfu DNA Polymerase II obtained in Example 1 and Pfu DNA 
Polymerase I (manufactured by Strsiagene), which is a-type DNA polymerase, and sodium alginate, which is an acidic 
substance. 

as [0128] A reaction mixture comprising XDN A as a template, primers X1 and X3 as a primer pair was prepared, and 
PGR was carried out The composition of the reaction mixture Is as follows. 

Composition of Reaction Mixture: 

40 reaction buffer for PCR (1 0 mM Trls-hydrochloric acid, pH 9,2, 75 mM potassium chloride, 6 mM magnesium 

chloride, 0.4 mM each of dATP, dCTP, dGTP and oTTP, 0.01% BSA, and 0.004% of sodium alginate), 10 pg of 
U)NA, and 6 pmol each of primers X1 and X3. To the above reaction mixture was added an enzyme solution 
containing 1 .25 U of Pfu DNA Polymerase II and 1 .14 U of Pfu DNA Polymerase f, the reaction mixture meklng 
up a final volume of 25 nl, 

45 

[0129] In addition, a reaction mixture without addition of sodium alginate was prepared as a control. The reaction 
In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction comprises a process con* 
slating of 9B°C, 5 seconds - 68° C, 1 5 seconds. Thereafter, 5 ul of the resulting reaction mixture was subjected to elec- 
trophoresis on 1% agarose gel containing ethHlum bromide in an amount of 0,00005%, whereby an amplified DNA 
so fragment was confirmed. The results are shown in Table B. 
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Tables 



Kinds of Kit Used 


Amplification Results 


Reaction Buffer (Containing 0.004% Sodium Alginate) 
Reaction Buffer (Without Containing Sodium Alginate) 


++ 



++: Intensive amplification being observed! 
+: AmplflcsUon being observed; 
±i Slight sfflptfRcfliion being observed; end 
No amplification being observed. 



[0130] As shown In leJble 8, there was confirmed that amplification efficiency for a frapnerrt of 1 kb was Improved 
10 In the reaction In which Pfu DNA Polymerase I, Pfu DNA Polymerase II and sodium alginate wens used In combination. 
Further, the above study has been conducted for commercially available sodium alginate tor each viscosity (100 to 1000 
centlpolses), and as a result completely the same Improvements In the amplification efficiency for DNA synthesis were 
confirmed. 

so EKflmpte 13; Preparation of K*t 



[0131] A PCR kit (20 reactions) of the present Invention was constructed by using Pfu DNA Polymerase II obtained 
in Example 1 , Pfu DNA Polymerase I and sodium alginate, which Is an acidic substance in combination, 
[01 32] The composition tor the kit Is shown below: 



10 x Reaction Buffer tor PCR 


50 nl 


100 mM Tris-Hydrochloric Acid (pH 0.2) 




750 mM Potassium Chloride 




0.1% BSA 




0.04% Sodium Alginate (100 to 150 centlpolses) 




25 mM Magnesium Chloride Solution 


120 nl 


2.5 mM dhfTP Mix (2.5 mM Each of dATP, dCTP p dGTP and dTTP) 


80 lU 


Enzyme Mixed Solution for DNA Polymerases (2.6 U of Pfu DNA Polymerase II and 2.28 U of Pfu DNA 


10 *il 


Polymerase I / 1 p\) 





[0133] A reaction mixture for PCR was prepared using the above kit. XDNA was used as a template. The composi- 
tion for the reaction mixture Is shown In Table 0. 



45 

Tables 



Composition of Reaction Mixture 


10 x PCR Reactton Buffer 


2.5 nJ 


Magnesium Chloride Solution 


6 III 


dNTPMtx 


4 nl 


Enzyme Mixed Solution for DNA Polymerase 


0.5 |il 


XDNA 


10 pg 


JL1 Primer 


6 pmol 


X3 Primer 


5 pmol 



21 



EP 1 072 678 A1 



Table 9 (continued) 



Composition of Reaction Mixture 


Sterilized Distilled Water 


Balance 


Final Volume 


25 uJ 



[0134] I n addition, a reaction mixture having the same composition as described above except that sodl urn alginate 
was not contained was prepared as a control. 
w [01361 Trie reaction for trie above reaction mixture was carried out under the PCR conditions shown In Example 12. 
As a result, there could be confirmed that the reaction mixture prepared by using the kit containing sodium alginate 
described above had improved amplification efficiency of a fragment of 1 kb, as compared to that of control. 

f sample 14: Numerical Explanation on Enhancement of DNA Synthesis Reaction by Addle Substance 

is 

[0136] Using the sutfated-fucose-contalnlng pofysaccharlde-F obtained In Example 6 described above, the effects 
on the activity of Pfu DNA Polymerase II were examined, A reaction mixture comprising ADNA as a template, primers 
JU and X2 as a primer pair, and Pfu DNA Polymerase II as DNA polymerase was prepared, and PGR was carried out. 
Hie composition of the reaction mixture Is as follows. 

20 

Composition of Reaction Mixture: 

10 mM Tris-hydrochlorlc acid, pH 9.2, 75 mM potassium chloride, 6 mM magnesium chloride, 0.4mM each of 
dATP, dCTP r dGTP end dTTR 0,01% BSA, 1,25 U of Pfu DNA Polymerase II, 500 pg of XDNA, and 5 pmol each 
as of primers XI and X2 (a final volume being 25 jiF), Further, 1 0 ng of the suHatod-fucose~contalnlng potysaccha- 

ride-F was respectively added to the above reaction mixture. 

[0137] Trie reaction In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 96°C T 5 seconds - 68°C, 1 5 seconds. Thereafter, 5 ill of the resulting reaction mixture 
ao was subjected to electrophoresis on 1% agarose gel containing ethidlum bromide In an amount of 0.00005%, whereby 
an expected amplified fragment of 0.5 kb was confirmed In addition, the agarose gel was analyzed by using a fluores- 
cent Image analyzer FM-BIO (manufactured by Tatars Shuzo Co., Lid.) to numerically explain the relative amount of 
the amplified fragment. 

[0138] As a result, as compared with a case where a reaction system In which an acidic substance was not added 
as was considered to be 1, one using suHated-fucose-contaJnlng polyeaccharide-F, which Is an addle substance, was 4.4. 
In other words, there could be confirmed that an amount of amplified product was multiplied by 4.4 by the addition of an 
acidic substance In PCR. 

Fxamole 15: Enhancement of DNA Synthesis Reaction bv Acidic Substance 

40 

[0139] Using a polyacryllc add as an addle substance, the effects on the activity of Pfu DNA Polymerase II were 
examined. A reaction mixture comprising XDNA as a template, primers X1 and A3 as a primer pair, and Pfu DNA 
Polymerase II as DNA polymerase was prepared, and PCR was carried out. Trie composition of the reaction mixture is 
as follows. 

45 

Composition of Reaction Mixture: 

1 0 mM Trts-bytfoehlorte acid, pH 9*2, 75 mM potassium chloride, 6 mM ma^iesium chloride, 0.4 mM each of 
dATP, dCTR dGTP end tfTTP, 0.01% BSA, 1 .25 U of Pfu DNA Polymerase II. 500 pg of XDNA, and 5 pmol each 
so of primers X1 and 13 (a final volume being 25 jil). Further, 100 ng of a polyacryllc acid having an average 

molecular weight of about 5,000, about 25,000, about 260,000, or about 1 ,000,000 (each being manufactured 
by WbJgd Pure Chemicals) was respectively added to the above reaction mixture. 

[0140] The reaction In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
& comprises a process consisting of B8°C, 6 seconds - 66°C, 1 5 seconds. Thereafter, 5 uJ of the resulting reaction mixture 
was subjected to electrophoresis on 1% agarose gel containing ethidlum bromide In an amount of 0.00005%, whereby 
an amplified frapnent was confirmed. The results are shown In Table 1 0. 
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-ftbtelO 



Addle Substance 


Average Molecular 
Weight 


Amplification Results 


Sodium Potyacrytate 


5,000 


++ 




25,000 


++ 




250,000 


■H- 




1,000,000 


++ 


No Addition 







++: Intensive amplifkattori being observed; 
+: Amplification being observed; 
±; Slight amplification being obeerwd; and 
-: No amplification being observed. 



[0141] As shown In labia 10, there was confirmed that an expected fragment of 1 kb was excellently ampfrned In 
20 any case where the sodium potyacn/late of any of the average molecular weights was added. On the other hand, for a 
similar reaction mixture without addition of the ackflc substance, when PGR was carried out undar the above reaction 
conditions, an amplhled fragment of 1 kb could not be confirmed. 

Example 1ft Effects of teWfe SHtafrnces on g-Type PNA Polymerase 

25 

[0142] 

(1) Using sodium alginate, sodium hyaluronate (manufactured by Selkagaku Kogyo), or K camgeenan (manufac- 
tured by Sigma), the effects of these acidic substances on a-type DNA polymerase were examined. A reaction mix- 
so tune comprising XDNA as a template, primers 11 and IB as a primer pair, and KOD DNA Polymerase (manufactured 
by TOrYOBO CO., LTD.) as DNA polymerase was prepared, and PGR was carried out The composition of the reac- 
tion mixture is as follows. 

Composition of Reaction Mixture: 

35 

KOD DNA Polymerase Buffer I (manufactured by TQYOBO CO,, LTD.) 0,2 mM each of dATP, dCTP, dGTP 
and dTTP, 0,625 U of KOD DNA Polymerase, 100 pg of XDNA, and 5 pmol each of primers X1 and X8 (a 
final volume being 25 |il). Further, 1 \ig or 2.5 pg of sodium alginate, 0.1 |ig or 0.6 |ig of sodium hyaluro- 
nate, or 0.1 jig or 0.25 |ig of k carrageenan was respectively added to the above reaction mixture. 



The reaction in 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 90°C, 6 seconds - 6B 0 C, 3 minutes. Thereafter, 6 uj of the resulting reaction mix- 
ture was subjected to electrophoresis on 1% agarose gel containing ethldlum bromide tn an amount of 0,00005%, 
4$ wtiBreby an amplified fragment was confirmed. The results are shown In Table 1 1 . 



50 



56 
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Table It 



Addle Substance 


Amount Added (ng) 


Amplification Results 


Sodium Alginate 


1 


++ 




2.5 


++ 


Sodium Hyahjronate 


0.1 


+ 




0.5 


+ 


k Carrageenan 


0,1 


+ 




0-25 


+ 


No Addition 




± 



++: Intonate amplification being observed; 
+: Amplification bring obwrvad; 
±: Slight amplification being observed; and 
No amplification bodng obMiwd, 



20 

As shown fn Table 1 1 , there was confirmed that an expected fragment of 10 Mb was excellently amplified in any 
case where acidic substances were added. On the other hand, for a similar reaction mixture without addition of the 
acidic substances, when PCR was carried out under the above reaction conditions, an amplified fragment of 10 kb 
could be confirmed weakty. 

25 

(2) The effects on a-type DNA polymerase were also examined In the seme manner as In Item (1 ) above for sodium 
alginate, x carrageenan, sodium heparan sulfate (manufactured by Sigma), sodium dermalen sulfate (manufac- 
tured by Sigma), potassium polyvinyl sulfate (manufactured by nocalaftesque) or sodium polystyrenesulfbnate (two 
kinds: average molecular weights of 5,400 and 35,000, ail manufactured by nacalattesque). A reaction mixture 
30 comprising XDNA as a template, primers M and X£ as a primer pair, and KOD DNA Polymerase as DNA polymer- 
ase was prepared, and PCR was carried out The composition of the reaction mixture Is as follows. 

Composition of Reaction Mixture: 

96 KOD DNA Polymerase Buffer II (manufactured by TOYOBO CO., LTD.) 0.2 mM each of dflTP, dCTP, dGTP and 

OTTP, 1 2S U of KOD DNA Polymerase, 1 00 pg of XDNA, and 1 0 pmol each of primers XI and X8 (a final vol- 
ume being 50 jil). Further, 2.5 jig or 5 ng of socfium alginate, 0*25 jig or 0,5 jig of k carrageenan, or 125 ng, 
250 ng or 975 ng of sodium dermatan sulfate, 500 ng of sodium heparan sulfate, 10 ng of potassium polyvinyl 
sulfate, 2.5 ng or 5 ng of sodium pofystyrenasulfonate (average molecular weight 5,400), or 5 ng of sodium 

40 polystyrenesulfonate (average molecular weight 35,000) was respectively added to the above reaction mix- 

ture. 

[0143] The reaction In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction 
comprises a process consisting of 9B°C, 5 seconds - 6B°C, 3 minutes. Thereafter, 5 til of the resulting reaction mixture 
4s was subjected to electrophoresis on 1% agarose gel containing ethidlum bromide in an amount of 0.00005%, whereby 
an amplified fragment was conflrmed. The results are shown In Table 12. 



so 
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Table 12 



Acidic Substance 


Amount Added 


Amplification Results 


Sodium Alginate 


2.6 jig 


++ 




6|ig 


++ 


k Carragesnan 


0.26 ug 


++ 




0,5 ug 


++ 


Sodium Oermatan Sulfate 


125 ng 


+ 




260 ng 


+ 




375 ng 


+ 


Sodium Heparan Sulfate 


500 ng 




Potassium Polyvinyl Sulfate 


10 ng 




Sodium Porystyrenesulfonate 


2,5 ng 


+ 


(Average Molecular Weight 5,400) 


5ng 


+ 


(Average Molecular Weight: 36,000) 


5ng 


+ 


No Addttfon 







++; Intern** amplification behg observed; 

. . ft ., n JlfT 1 1 ImIm - » ■- 

+. AfnpiincaDOn Doing ODservooi, 
±: SOghl amplification befrig observed; and 
No amplification being observed* 



90 [0144] As ahown In Table 12, there was confirmed that an expected fragment of 10 kb was excellently amplified In 
any case where acidic substances were added. On the other hand, for a similar reaction mixture without addition of the 
acidic substances, when PCR was carried out under the above reaction conditions, an amplified fragment of 10 kb 
could not be confirmed. 

35 Example 17: Effects of Cationte Complexes on Various Kinds of DMA Polymerases 

[0145] Using haxaarnrnlnecobslt (III) chloride ([CotNH^cy (manufactured by Sigma), triafethylenedl- 
amlne)cobaJt (III) chloride ([CofC^eN^Cfr]) (manufactured by AJdrteh), or ttr1s(elhylenedlamine)rhodlum (III) trichlo- 
ride • trihydratB ([RrKCjHeN^aJC^ • 3HgO) (manufactured by Aldrtah), the effects on the amplification reaction by 
40 various kinds of DNA polymerases were examined. As the DNA polymerases, TaKaRa Taq DNA Polymerase (herein- 
after referred to as Taq DNA Polymerase" manufactured by Takara Shuzo Co,, Lld.) p Pyrobest DNA Pofymerase (man- 
ufactured by Takara Shuzo Co,, Ltd.) and Ex Taq DNA Polymerase (manufactured by Takara Shuzo Co., Ltd.) were 
used. 

[0146] A reaction mixture comprising Escherichia coti JM1 09 genomic DNA as a template, primars Eco1 and Eco2 
45 as a prtmer pair, and DNA polymerase was prepared, and PCR was carried out The compositions of the reaction mix- 
ture for each enzyme are as follows. 

Compositions of Reaction Mixtures: 

50 1 ) Reaction System for Taq DNA Polymerase 

6 pi of buffer for 10 x Taq PCR buffer (manufactured by Takara Shuzo Co., Ltd.), 0,2 mM each of dATP, 
dCTP, dGTP and dTTP, 1.25 U of Taq DNA Polymerase, 100 pg of Escherichia CO//JM109 genomic DNA, 
and 10 pmot each of primers Ecol and Eco2 (a final volume being 50 id). 

55 

2) Reaction System for Pyrobest DNA Polymerase 

5 |il of 10-fold concentrated Pyrobest buffer (manufactured by Takara Shuzo Co., Ltd.), 0.2 mM each of 
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(OTP, dCTP, dGTP and tfTTP, 1.25 U of Pyrobest DNA Polymerase, 100 pg of Escherichia coll JM109 
genomic DNA, and 10 pmo* each of primere Ecol end Boo2 (a final volume being 50 pi). 

3) Reaction System for ExTaq DNA Polymerase 

5 

a reaction mixture comprising 5 nl of 10-fold concentrated buffer for TaKaRa ExHaq DNA Polymerase 
(manufactured by Tatera Shuzo Co., Ltd.). 0.2 mM each of dATP, dCTP p dGTP and tfTTP, 100 pg of 
Escherichia coil JM109 genomic DNA, 1 2S U of TaKaRa EX-Taq DNA Polymerase, and 10 pmol each of 
primere Ecol end Eco2 (a final volume being 50 pi). 

10 

[0147] Further, an aqueous solution of the above-mentioned complexes each so as to have a final concentration of 
60 f>M, 1 00 pM, or 200 pM was added to the above reaction mixture. 

[0146] The reaction was carried out In Fast mode by using TaKaRa PCR Thermal Cycler Personal (manufactured 
by Takara Shuzo Co., Ltd.). The reaction conditions are as follows. When using Taq DNA Polymerase and Pyrobest 

is DNA Polymerase, the reaction In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of 
reaction comprises a process consisting of 08°C, 5 seconds - 68*C, 2 minutes, and when using ExTeq DNA Polymer- 
ase, the reaction In 30 cycles was carried out for each of these reaction mixtures, wherein one cycle of reaction com- 
prises a process consisting of 9B°C, 5 seconds - fiB B C 1 minute. After the termination of the reaction, 5 pi of the 
resulting reaction mixture was subjected to electrophoresis on 2% agarose gel containing ethldlum bromide In an 

so amount of 0.00005%. The gel after the electrophoresis was subjected to ultraviolet Irradiation to visualize the band 
ascribed to the ampfflied product, whereby an amplified fragment was confirmed. The amount of amplified DNA was 
numerically explained by using a fluorescent Image analyzer FM-BIO 100 (manufactured by Takara Shuzo Co., Lid.). 
The results are shown In Table 13. 

25 

"fable 13 



CatJonlc Complex 


DNA Polymerase 




Tag 


Pyrobest 


ExTaq 


[CotNHaJeJCb 








50 pM 


2.3 


2.1 


1.9 


100rM 


2.9 


2.1 


1.9 


200 pM 




2.1 




[OoiHaNCHgCHaNHaJajas 








50pM 


2.6 


2.1 


2.0 


100 pM 


3.0 


2.2 


2.0 


200 |iM 








[Rh(H 2 NCH2CH2NH2)3jCl3 








50 pM 


1.4 


1.4 


1.3 


100 pM 


2.1 


1.7 


1.5 


200 pM 


2.5 


2.0 


1.7 


No Addition 


1 


1 


1 



so [0149] As a result, with regard to Taq DNA Polymerase, there was confirmed an increase In the amount of DNA 
amplified In about 1 A times to about 3 times that of a case of no addition, In the reaction In which 50 pM or 100 pM of 
hexaammlnecobalt (111) chloride, 50 pM or 100 pM of tris{ethylenediamlne)cobatt (III) chloride, or 50 pM, 1 00 pM or 
200 pM of tris(ethylenedlam1ne)rhodlum (III) trichloride was added. 

[0150] Next, with regard to Pyrobest DNA Polymerase, there was confirmed an Increase In the amount of DNA 
55 amplified Jn about 1 A times to about 22. times that of a case of no addition, in the reaction In which 60 pM, 100 pM or 
200 pM of hexaammlnecobalt (III) chloride, 50 pM or 100 pM of tris(ethylenedlamlne)coba!t (III) chloride, or 50 pM, 100 
pM or 200 pM of tris(ethylenedlamlne)rtiodlum (III) trichloride was added. 

[0151] Further, with regard to ExTaq DNA Polymerase, there was confirmed an Increase In the amount of DNA 
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amplified In about 1 .3 times to about 2 times that of a case of no addition, In the reaction In which 50 jiM or 1 00 of 
hexaammlnecobalt (III) chloride, 50 jiM or 100 jiM of tte(ethytenecflamine)cobatt (III) chloride, or 50 pM, 1 00 *iM or 200 
jiM of trte{ethylenedlBmlne)rt>od1um (III) trichloride was added. 

5 Example 1ft Effects on Reaction Time bv Addition of Hexaammlnecobatt (WW Chloride 

[0152] With regard to each DN A polymerase, the effects on shortening the reaction time by the addition of hexaam- 
mtnecobatt (III) chloride were examined. 

[0153] The DNA polymerases used and the composition for the reaction mixture wens similar to those In Example 
io 1 7, except for the cationlc complex, where In cases of using laq DNA Polymerase and Pyrobest DNA Polymerase, hex- 
aammlnecobalt (III) chloride was added so as to have a final concentration of 100 \M f and In a case of using ExTaq 
DNA Polymerase, hexaammlnecobalt (III) chloride wee added so as to have a final concentration of 50 pJU, respectively, 
[0154] The reaction was carried out In Fast mode by using TaKaRe PGR Thermal Cydar Personal. The reaction 
conditions are as follows. When using Teq DNA Polymerase and Pyrobest DNA Polymerase, the reaction In 30 cycles 
15 was carried out, wherein one cycle of reaction comprises a process consisting of 96°C, 5 seconds - 68°C, 60 seconds 
or B0 seconds or 100 seconds or 120 seconds. When using ExTaq DNA Polymerase, the reaction In 30 cycles was car- 
ried out, wherein one cycle of reaction comprises a process consisting of 98°C, 5 seconds - 68*C, 30 seconds or 40 
seconds or 50 seconds or 60 seconds. 

[0155] On the other hand, as a control, the time period or number of cycles for annealing and extension reaction 
20 were determined so as to obtain the same amount of the amount of amplified product for one without addition of the 
cationlc complex mentioned above. 

[0156] After the termination of the reaction, 5 (il of the resulting reaction mixture was subjected to electrophoresis 
on 2% agarose gel containing ethldlum bromide In an amount of 0.00005%. The gel after the electrophoresis was sub- 
jected to ultraviolet Irradiation to visualize the band ascribed to the amplified product, whereby an amplified fragment 
25 was confirmed. The results are shown In Table 14. 



Table 14 



30 


Cationlc Complex 




DNA Polymerase 


Addition 


No Addition 




Taq and Pyrobest 


9B*C,5S"6B fl C, 60s 


88^5 8-68^,120 8 






30 Cycles 


31 Cycles 


35 




(Time Period Required: 2053 s) 


(Time Period Rsqulnech 4011 e) 




ExTaq 


e8°C, 5 6 - 68 fl C, 40 8 


98°C 5 s - 60°C, 60 s 






30 Cycles 


30 Cydss 


40 




(Time Period Required: 2294 s) 


(Time Period Required: 2953 s) 



[0157] As shown In Tabls 14, In the cases of using Teq DNA Polymerase and Pyrobest DNA polymerase, when hex- 
aammlnecobalt (III) chloride was added In an amount of 1 00 jiM, the reaction time period could be shortened to about 
3/5 that of the case of no addition, Further, In the case of using ExTaq DNA Polymerase, when hexeamminecobalt (111) 
45 chloride was added in an amount of 50 p,M, the reaction time period could be shortened to about 4v5 that of the case of 
no addition. 

Example 19: Effects on Amplification Sensitivity by Addition of Hexaammlnecobalt f" 1 ) Chloride 

so [0156] With regard to each of DNA polymerases, the effects on the amplification sensitivity by the addition of hex- 
eamminecobalt (III) Chloride were examined. 

[0159] The DNA polymerases used and the composition for the reaction mixture were similar to those In Example 
17. except for the cationlc complex, where In cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hex- 
aammlnecobalt (III) chloride was added so as to have a final concentration of 100 jiM, or In a case of using ExTaq DNA 
» Polymerase, hexaammlnecobatt (HI) chloride was added so as to have a final co n ce n tr at ion of 50 pi/1, respectively. Fur- 
ther, the amount of template DNA was added so as to be 1 pg, 6 pg, 1 0 pg, 1 00 pg, or 1 ng, respectively. 
[0180] The reaction was carried out In Fast mode by using TaKaRa PCR Thermal Cycler Personal. The reaction 
conditions ere as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction In 30 cycles 
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was carried out, wherein one cycle of reaction comprises e process consisting of 98*C, 5 seconds - 68*0, 2 minutes. 
When using ExTaq DNA Polymerase, the reaction In 30cydes was earned out, wherein one cycle of reaction comprises 
a process consisting of 98*C, 5 seconds - 68*C, 1 minute. 

[01 61 ] On the other hand, as a control, the reaction tor one without addition of the catfcmte complex was carried out 
5 In the same manner. 

(0163] After the termination of the reaction, 5 jj of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethkfium bromide In an amount of 0*00005%. The gel after the electrophoresis 
was subjected to uftrevlolet irredatton to visualize the band ascribed to the amplified product, whereby en amplified 
fragmeit was confirmed 

10 [0163] As a result, there could be confirmed that in any case where any enzymes were used, the addition of hex- 
aamminecobalt (III) chloride allowed to amplify even In an amount of template DNA of 1 pg, amplification can be carried 
out by. On the other hand, in the case of no addition, amplification could not be carried out just with an amount of tem- 
plate DNA of 1 pg. 

13 Example 20: Effects on Amplification Reaction In Low-Magnesium Concentration Reaction Mixture bv AddHion of Hax- 
aammlnacobalt fill) Chloride 

[0164] Uelng hsxaammlnecobelt (III) chloride, the effects on the amplification reaction in a reaction mixture having 
a magnesium concentration lower than that of a usually employed one were examined 

20 [0165] The DNA polymerases used and the composition tor the reaction mixture were similar to those In Example 
17, except for using each of magnesium-tree, 1 0 x PGR buffers (each being manufactured by Takara Shuzo Co., Ltd.) 
tor each DNA polymerase. Further, with regard to magnesium chloride, magnesium chloride was added so as to have 
an amount smaller than the usual content for each of Taq DNA Polymerase (the amount being 0.75 mM against the 
usual amount of 1 .5 mM), Pyrobest DNA Polymerase (the amount being 0.5 mM against the usual amount of 1 mM), or 

25 ExTaq DNA Polymerase (the amount being 1 25 mM against the usual amount of 2 mM) , Further, with regard to the cat- 
Ionic complex, In cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hexaammlnecobatt (111) chloride 
was added so as to have a Anal concentration of 100 }iM, or In a case of using ExTaq DNA Polymerase, hexaammlne- 
cobatt (III) chtorlde was added so as to have a final concentration of 1 0 \M, respectively. 

{0166] The reaction was carried out In Fast mode by using TaKaRe PGR Thermal Cycler Personal. The reaction 
so conditions are as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction In 30 cycles 
was carried out, wherein ons cycle of reaction comprises a process consisting of 98°C, 5 seconds - 68°C 2 minutes. 
When using ExTaq DNA Polymerase, the reaction In 30 cycles was carried out, wherein one cycle of reaction comprises 
a process consisting of 98*0, 5 seconds - 68»C, 1 minute. 

[0167] On the other hand, the reaction for one without addition of the cationlc complex was carried out In the same 
35 manner as a control 

[0168] Alter the termination of the reaction, 5 of the resulting reaction mixture was subjected to electrophoresis 
on 2% agarose gel containing ethtdium bromide In an amount of 0.00005%. The gel after the electrophoresis was sub- 
j acted to ultraviolet Irradiation to visualize the band ascribed to the amplified product, whereby an amplified fragment 
was confirmed. 

40 [01 69] As a result, there was confirmed that in all of DNA polymerases, the addition of the cationlc complex allowed 
to amplify In a case where the magnesium concentration was made smallsr than the usual content However, In the case 
of no addition of cationlc complex, amplification could not be carried out 

Example 21: Effects of Low-Primer Concentration In Reaction Mixture on Amplification Reaction bv Addition of Hex- 

45 gwmmlneootfflit fill) Chloride 

[0170] Using hexaammlnecobalt (III) chloride, the effects of a reaction mixture having a prtmsr concentration lower 
then that of a usually employed one on the amplification reaction were examined. 

[0171] The DNA polymerases used and the composition for the reaction mixture were similar to those hi Example 
so 1 7, except for adding two kinds of primers used each in an amount of 2, 2.5, 3.3, 5, 1 0 or 20 pmoJ, respectively. Further, 

with regard to the cationlc complex, In cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hexaam- 

mlnecobart (III) chloride was added so as to have a final concentration of 100 jiM, or In a case of using ExTaq DNA 

Polymerase, hexaammtnecobatt (ill) chloride was added so as to have a final concentration of 50 pM, respectively. 

[0172] The reaction was carried out In Fast mode by using TaKaRa PGR Thermal Cycler Personal. The reaction 
55 conditions are as follows. When using Taq DNA Polymerase and Pyrobest DNA Polymerase, the reaction In 30 cycles 

was carried out, whsreln one cycle of reaction comprises a process consisting of 08*0, 5 seconds - 68*0, 2 minutes. 

When using ExTaq DNA Polymerase, the reaction in 30 cycles was carried out, wherein one cycle of reaction comprises 

a process consisting of 98°C, 5 seconds - 88°C, 1 minute. 
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[0173] On the other hand, the reaction for one without addition of the cattonlc complex was carried out In the same 
manner as a control. 

[0174] After the termination of the reaction, 5 til of each of the resulting reaction mixture* was subjected to electro* 
phoresis on 2% agarose gel containing ethldum bromide In an amount of 0.00005%. The gel after the electrophoresis 
5 was subjected to ufcravWet Irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was confirmed, 

[0175] As a result, there was confirmed that In a case of using Taq DNA Polymerase, a fragment can be amplified 
even with a primer amount of as little as 2 pmol In the presence of the catlonlc complex. On the other hand, In the case 
of no addition of ths catlonlc complex, amplification could not be carried out Next, In a case of uelng Pyrobest DNA 
io Polymerase, a fragment can be amplified even with a primer amount of as little as 3*3 pmol In the presence of the cat- 
lonlc complex. On the other hand, In the case of no addition of the catlonlc complex, amplification could not be carried 
out Further, In e case of using ExTaq DNA Polymerase, a fragment can be amplified even with e primer amount of as 
little as 2.5 pmol In the presence of the catlonlc complex. On the other hand, In the case of no addition of the cauonte 
complex, amplification could not be carried out. 

Bamplfl 22- Effete on Enzyme Amount and Amplification Reactions by Addition of Hraaammlnacobfltt fllft Chloride 

[0179] Using hexaammlnecobalt (III) chloride, the effects on amplification reaction with an enzyme In an amount of 
one-hatf that of usuafty used. 

20 [0177] As the enzymes, Taq DNA Polymerase and ExTaq DNA Polymerase were used. 

[OITfl] The composition for the reaction mixture was similar to those In Example 1 7, except for the amount of DNA 
polymerase used, tn other words, 0.626 U of DNA polymerase was used. Further, with regard to the catlonte complex, 
in cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, hexaammlnecobalt (III) chloride was added so 
as to have a final concentration of 100 uW, or In a case of using ExTaq DNA Polymerase, hexaammlnecobalt (III) chlo- 

25 ride was added so as to have a final concentration of 50 u.M, respectively. 

[0179] The reaction was carried out In Fast mode by using TaKaRa PCR Thermal Cycler Personal, The reaction 
conditions are as follows. When using Taq DNA Polymerase, the reaction In 30 cycles was carried out, wherein one 
cycle of reaction comprises a process consisting of 98°C, 6 seconds - 68°C, 2 minutes. When using ExTaq DNA 
Polymerase, the reaction In 30 cycles was canted out, wherein one cycle of reaction comprises a process consisting of 

30 96°C, 5 seconds - 6B°C, 1 minute. 

[0180] On the other hand, as e control, the reaction for one using 1 .25 U of DNA polymerase without addition of the 
catlonlc complex was carried out In the same manner. 

[01 81 ] After the termination of tha reaction, 6 uJ of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethtdium bromide In an amount of 0.00005%, The gel after the electrophoresis 
as was subjected to ultraviolet irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragment was confirmed. 

[01 82] As a result, there was confirmed that in either case of using Taq DNA Polymerase or ExTaq DNA Polymer- 
ase, even If the amount Is one-half the usual amount, the fragment can be amplitiad in the presence of the catlonlc com- 
plex to almost the same level as the usually used amount of the case of no addition. 

40 

Example ffl; Effects on AMBlon of Canonic Complex Wh^n Amplifying QP-Rlgh Region 

[0183] The effects on addition of the catlonlc complex were examined when PCR amplification was carried out with 
a GC-rich region as a target As the catlonic complex, there was used tns(ethyteradiamlne)cobart (III) chloride, or 
45 trta(ethylenedlam1ne)rhodlum (III) trichloride •trlhydrele. Template DNA was prepared from KT29 calls by conventional 
method. Amplified region and amplified chain lengths were human ApoE genomic region and 441 bp. The GC content 
of this amplified region was about 74%. As DNA polymerase, TaKaRa LA-Taq DNA Polymerase (manufactured by 
Takers Shuzo Co., Ltd., hereinafter referred to as "LA-Taq DNA Polymerase 0 ) was used. The composition for a reaction 
mixture Is shown below. 

50 

Composition for Reaction Mixture: 

25 uJ of 2 x GC butter I (manufactured by latere Shuzo Co., Ltd.), 0.4 mM each of dATP, dCTP, dGTP and 
dTTP, ZJS Li of LA-Taq DNA Polymerase, 100 ng of HT29 cells genomic region, and 20 pmol each of primers 
55 ApoE-1 and ApoE-2 (a final volume being SO uJ). Each of the above catlonlc complex was added to the above 

reaction mixture so as to have a final concentration of SO, 100, 200, or 500 jiM, respectively 

[0184] The reaction was carried out In Fast mode by using TaKaRa PCR Thermal Cyder Personal. As regarding 
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the reaction conditions, the reaction In 30 cycles was carried out, wherein one cycle of reaction comprises e process 
consisting of 98*C, 5 seconds - 64«C, 10 seconds - 72°C, 40 seconds. On the other hend, as a control, the reaction for 
one without addition of the cationic complex was carried out In the same manner. 

[0185] After the termination of the reaction, 5^ of each of the resulting reaction mixtures was subjected to stectro- 
5 phoresis on 2% agarose gel containing ethic* um bromide In an amount of 0.00005%, The gel after the electrophoresis 
was subjected to uttravtotet Irradiation to visualize the band ascribed to the amplified product, whereby en amplified 
fraynent was confirmed. 

[0186] As a result, In a cash of adding trts(ethylened1amlne)cobatt (III) chloride, there was confirmed that the DNA 
synthesis reaction was enhanced as the concentration of added complex was Increased, tn addition. In a case of adding 
w trts(et hylenedlamlnejrhodlurn (HI) trichloride ■ trlhydrate, there was also confirmed that the DNA synthesis reaction was 
enhanced as the concentration of added complex was Increased as 1 00 \M, 200 jiM and 500 iiM. However, In the case 
of no addition for neither of the cationic complexes, amplification could not be carried out 

Example 24: Effects on Amplified Chain Length When Adding Catlonfc Comdex 

15 

[0187] The effects on the amplified chain length when adding a cationic complex ware examined. As the cationic 
complex, there wee used hexaammlnecobalt (III) trichloride. As template DNA, there was used Escherichia ceil 
genome or XONA. As primers, In cases of using Taq DNA Polymerase and Pyrobest DNA Polymerase, there was used 
a combination of Eoo1 and EcoS, and In a case of using LA*Taq DNA Polymerase, there was used a combination of 

20 XL38 and XR465. As DNA potymereas, there was used Taq DNA Polymerase, Pyrobest DNA Polymerase or LA-Taq 
DNA Polymerase. The composition for the reaction mixture was similar to those In Example 17, except for using the 
above primer pairs and 10 ng of Escherichia coti genome as template DNA In cases of using Taq DNA Polymerase and 
Pyrobest DNA Polymerase. To the above reaction mixture was added hexaammlnecobeit (III) trichloride so as to have 
a final concentration of 1 0 uJW or 20 jiM In a case of uelng Taq DNA Polymerase, or was added hexaammlnecobalt (III) 

25 trichloride eo as to have a final concentration of 50 uW or 1 00 uM In a case of using Pyrobest DNA Polymerase, respec- 
tively. As a control, the one without addition of the cationic complex was also prepared In the same manner. 
[0186] On the other hand, the composition for a reaction mixture when uelng LA-Taq DNA Polymerase is shown 
below. 

[0189] 6 |il of 1 0 x LA-PCR Buffer II (Mg* + plus) (manufactured by Takara Shuzo Co., Ltd.), 0.4 mM each of dATP, 
so dCTR dQTP and dTTP, 2.5 U of LA-Taq DNA Polymerase, 1 ng of JLDNA, and 20 pmol each of primers XL36 and XR485 
(a final volume being 60 ul). Hexaammlnecobeit (III) trichloride was added to the above reaction mixture so as to have 
a fine* concentration of 60 jiM. As a control, the one without addition of the cationic complex was also prepared In the 
same manner. 

[0190] The reaction was carried out in Feet mode by using TataRa PCR Thermal Cyder Personal The reaction 
35 conditions are as follows. When using Taq DNA Polymerase end Pyrobest DNA Polymerase, the reaction In 30 cycles 
was carried out, wherein one cycle of reaction comprises a process consisting of &8°C, 5 seconds - 68*0, 10 minutes. 
Whan using LA-Taq DNA Pofymereee, after treetlng at 94°C, 1 minute, the reaction In 30 cycles was carried out, 
wherein one cycle of reaction comprises a process consisting of 96°C, 10 seconds - 68°C, 15 minutes, end thereafter 
the reaction was completed by treating at 72°C, 15 minutes. 
*o [0191] After the termination of the reaction, 5 jil of each of the resulting reaction mixtures was subjected to electro- 
phoresis on 2% agarose gel containing ethldlum bromide in an amount of 0.00005%. The gel after the electrophoresis 
was subjected to ultraviolet Irradiation to visualize the band ascribed to the amplified product, whereby an amplified 
fragnent was confirmed 

[0192] As a result, whan using Taq DNA Polymerase, a desired DNA fragment could be excellently amplified even 
45 when hexaammlnecobatt (III) trichloride was added at any of concentrations. However, In the case of no addition, a frag- 
ment wbs only slightly amplified. Next, when using Pyrobest DNA Polymerase, a desired DNA fragment could be excel- 
lently amplified even when hexaammlnecobatt (III) trichloride was added et any of concentrations. However, In the case 
of no addition, a frapnent was only slightly amplified. Further, when using LA-Taq DNA Polymerase, a desired DNA 
fragment could be excellently amplified even when hexaammlnecobatt (ill) trichloride was added at any of concentre- 
so tlons. However, in the case of no addition, a fragment was only slightly amplified. 

INDUSTRIAL APPLICABILITY 

[0193] According to the present Invention, there is provided a DNA synthesis reaction-enhancer which enhances 
55 DNA synthesis reaction by DNA polymerase. The enhancer exhibits en action tor various kinds of DNA polymerases, 
and enhances the DNA synthesis reaction. In addition, the present Invention provides a DNA synthesis reaction com- 
position which Is capable of carrying out DNA synthesis at high efficiency. The DNA synthesis reaction-enhancer end 
the DNA synthesis reaction composition of the present Invention can be utilized for various processes using DNA 
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polymerases, for Instance, PCR method, and can be utilized for research agents for genetic engineering. 
Claim* 

5 1 . A DNA synthesis reaction-enhancer comprising at least one kind selected from the group consisting of acidic sub- 
stances and cat Ionic complexes. 

2. The DNA synthesis reaction-enhancer according to dalm 1, wherein said acidic substance Is an acidic macramo- 
lecular substance. 

TO 

3. The DNA synthesis reaction-enhancer according to dalm 2, wherein said acidic macromolecular substance Is an 
addle polysaccharide. 

4. The DNA synthesis reaction-enhancer accortfing to dalm 2 or 3, wherein said addle macromotecular substance Is 
is one or more substances selected from the group consisting of sulfeted-fucose-containlng polysaccharides, dextren 

sulfate, carrageen an, heparin, mam nam sulfate, dermatan sulfate (chondroltln sulfate B), heparan sulfate, 
hyaluronic add, alglnlc add, pectin, potyglutamte adds, polyacrylic adds, polyvinyl sulfates, polystyrene sulfates, 
carrageen an, DNA and salts thereof. 

so 5. The DNA synthesis reaction-enhancer according to claim 4, wherein said eulfated-fucose -containing polysaccha- 
ride Is sulfated-fucose^comalnlng polysaccharide-F or sulfated-fucose-contalnlng polysaccharide-U. 

B. The DNA synthesis reactton-en hence r according to dalm 1, wherein said cationlc complex Is a transition metal 
complex. 

7. Trie DNA synthesis reaction-enhancer according to dalm 6, wherein e central atom In said transition metal complex 
is a transition element of the Group VIII of the elemental periodic table. 

8. The DNA synthesis reaction-enhancer according to clam 7, wherein said transition element Is one or more ele- 
30 merits selected from the group consisting of cobalt, rhodium and iridium. 

9. The DNA synthesis reaction-enhancer according to claim 8, wherein eaid transition metal complex le one or more 
kinds selected from the group consisting of [CofNhyeJCfe, [Co(H 2 NCH 2 CK 2 NH2)3]CI 3 and 
[RhfHjNCHaCHaNH^alCla. 

35 

1 0. A DNA synthesis method characterized in that during a DNA synthesis reaction a reaction is carried out in the pres- 
ence of the DNA synthesis reaction-enhancer of any one of claims 1 to 9 by using DNA polymerase. 

11 . The DNA synthesis method according to dalm 1 0. wherein two or more kinds of DNA polymerases are used. 

40 

12. The DNA synthesis method according to dalm 1 1 , wherein one DNA polymerase having 3 1 -> 5' axonucleaee activ- 
ity, and the other DNA polymerase having no 3' -* 5' exonudease activity are used. 

13. The DNA synthesis method according to claim 1 1 , wherein two or more kinds of DNA polymerases each having 3' 
45 -*5" exonudease activity are used 

14. The DNA synthesis method according to claim 13, wherein a-type DNA polymerase and non-o, non-poll type DNA 
polymerase are used. 

so 15. Ths DNA synthssls method according to any one of claims 1 0 to 14, which Is canted out by polymerase chain reac- 
tion (PCR) method. 

16. A DNA synthesis reaction composition comprising the DNA synthesis reaction-enhancer of any one of dalms 1 to 
9. 

88 

17. The DNA synthesis reaction composition according to dalm 16, further comprising DNA polymerase. 

18. The DNA synthesis reaction composition according to claim 17, wherein the composition comprises two or more 
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kinds of DMA polymerases, 

19. The DNA synthesis reaction composition according to claim 16, wherein the composition comprises two or more 
kinds of DNA polymerases each having 3' -» 5' exonuclease activity. 

20. The DNA synthesis reaction composition according to claim 19 p wherein the composition comprises a-type DNA 
polymerase and non-a, non-poll type DNA polymerase. 

21. The DNA synthesis reaction composition according to claim 16, wherein the composition comprises ona DNA 
polymerase having 3* -> 5' exonuclease activity; and the other DNA polymerase having no 3' -> 6* exonuclease 
activity. 

22. A DNA synthesis reaction composition comprising two or more kinds of DNA polymerases each having 3' -> 5" exo- 
nuclease activity. 

23. The DNA synthesis reaction composition according to claim 22, wherein the composition comprises a-type DNA 
polymerase and non»a, non-poll type DNA polymerase. 

24. A DNA synthesis method characterized tn that during a DNA synthesis reaction two or more kinds of DNA polymer- 
ases each having 3' -» 6' exonuclease activity are usad, 

25. The DNA synthesis method according to claim 24, wherein a-type DNA polymerase and non-a, non-poll type DNA 
polymerase are used. 

26. The DNA synthesis method according to claim 24 or 25, which Is carried out by polymerase chain reaction (PGR) 
method. 

27. A kit for use In in vitro DNA synthesis, comprising two or more kinds of DNA polymerases each having 3 r 5* exo- 
nuclease activity. 

28. The kit according to claim 27, wherein the kit comprises a-type DNA polymerase and non-a, non-poff type DNA 
polymerase. 

29. The kit according to claim 27 or 2B, further comprising a reagent usable for DNA synthesis. 

30. The kit according to any one of claims 27 to 29, wherein said DNA polymerase Is e thermostable DNA polymerase. 

31 . A kit for use In in vitro DNA synthesis, wherein the kit comprises the DNA synthesis reaction-enhencer of any one 
of claims 1 to 9 and DNA polymerase, 

32. The ktt according to claim 31, further comprising a reagent usable for DNA synthesis. 

33. The kit according to dalm 31 or 32, which comprises two or more kinds of DNA polymerases. 

34. The kit according to any one of claims 31 to 33, wherein said DNA polymerase Is a thermostable DNA polymerase. 
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